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BENZOHETEROCYCLIC COMPOUNDS AND have been applied at clinical experiments of people . There 
USE THEREOF fore , Mek is a potential new target and more and more Mek 

inhibitors are developed and reported , for example , WO 
CROSS - REFERENCE TO RELATED 98 / 43960 ; WO 99 / 01421 ; WO 99 / 01426 ; WO 00 / 41505 ; 

APPLICATIONS 5 WO 00 / 42002 ; WO 00 / 41003 ; WO 00 / 41994 ; WO 
00 / 42022 ; WO 00 / 42029 ; WO 00 / 68201 ; WO 01 / 68619 ; 

This application is a divisional application of U . S . patent WO 02 / 06213 ; WO 03 / 077914 ; WO 03 / 077855 ; WO 
application Ser . No . 14 / 372 , 731 , filed Jul . 16 , 2014 , which 03 / 077914 ; WO 05 / 023251 ; WO 05 / 023759 ; WO 
is a National Phase application under 35 U . S . C . § 371 of 05 / 051300 : WO 05 / 051301 : Wo 05 / 051302 : WO 
International Application No . PCT / CN2013 / 000037 , filed 10 05 / 051906 : WO 05 / 000818 : Wo 05 / 007616 ; WO 
Jan . 16 , 2013 , and claims the benefit of priority to People ' s 05 / 009975 : WO 05 / 046665 : Wo 06 / 134469 : WO 
Republic of China Patent Application No . 201210014021 . X 07 / 044084 : WO 07 / 014011 : Wo 07 / 121269 ; WO 
filed Jan . 17 , 2012 , People ' s Republic of China Patent 07 / 121481 : WO 07 / 071951 : Wo 07 / 044515 : WO 
Application No . 201210189086 . 8 filed Jun . 8 , 2012 , Peo - 08 / 021389 ; WO 08 / 076415 : Wo 08 / 089459 ; WO 
ple ' s Republic of China Patent Application No . 15 08 / 078086 : Wo 08 / 120004 : Wo 08 / 124085 : WO 
201210190520 . 4 filed Jun . 8 , 2012 , and People ' s Republic 08 / 125820 ; WO 09 / 018238 ; WO 09 / 074827 ; WO 
of China Patent Application No . 201210189087 . 2 filed Jun . 09 / 013426 ; WO 09 / 093008 ; WO 09 / 093009 ; WO 
8 , 2012 , the disclosures of each of which are hereby incor 09 / 093013 ; WO 09 / 153554 and so on . 
porated herein by reference in their entireties . However , many known MEK inhibitors suffer from weak 

20 inhibitory activity , intolerable toxicity or lack of desirable 
FIELD OF THE INVENTION pharmaceutical properties . Thus , there remains a need for 

potent inhibitors of MEK with appropriate pharmaceutical The present invention relates to benzoheterocyclic com properties for clinical applications . 
pounds such as benzothiadiazole , benzoxazole and benzo 
thiazole derivatives , which are inhibitors of protein kinases 25 BRIEF SUMMARY OF THE INVENTION 
such as MEK . The compounds may be useful in the treat 
ment of conditions or disorders where the MEK cascade is In one aspect , provided is a compound of the formula ( I ) : 
implicated such as cancer and inflammatory diseases . 

BACKGROUND OF THE INVENTION 30 30 
R6 

px 

RS P . 

R ? 
XSN 

Cell signaling through growth factor receptors and protein 
kinases is an important regulator of cell growth , prolifera 
tion and differentiation . In normal cell growth , factors ( i . e . 
PDGF or EGF and others ) , through receptor activation ( i . e . 35 

25 ErbB2 , EGFR , PDGFR ) , activate MAP ( Mitogen - activating W R3 

protein ) kinase pathways . One of the most important and 
most well understood MAP kinase pathways involved in 
normal and uncontrolled cell growth is the Ras / Raf / Mek / Erk 
kinase pathway . In proliferative diseases , genetic mutations 40 or a salt , solvate or prodrug thereof , wherein : 
and / or overexpression of the growth factor receptors , down Xl is CR11 or N ; 
stream signaling proteins , or protein kinases involved in the X2 is O , S or carbonyl ; 
kinase pathway lead to uncontrolled cell proliferation and , R ' , R2 , R4 and R are independently hydrogen , halo , nitro , 
eventually , tumor formation . For example , some cancers azido , hydroxy , C1 - C10 alkoxy , halo - substituted C - C10 
contain mutations which results in the activation of this 45 alkoxy , acyloxy , C , - C1 alkylthio , halo - substituted C - C10 
pathway due to continuous production of growth factors . alkylthio , amino , carboxy , C . - C10 alkyl , C2 - C10 alkenyl , 
The statistics show that mutated , oncogenic forms of Ras are C2 - C10 alkynyl or C3 - C10 cycloalkyl ; 
found in 50 % of colon and > 90 % pancreatic cancers . Rºis hydrogen , halo , cyano , nitro , azido , hydroxy , C1 - C10 
Recently , bRaf mutations have been identified in more than alkoxy , halo - substituted C . - C , o alkoxy , acyloxy , mercapto , 
60 % of malignant melanoma . Studies of primary tumor 50 C , - C10 alkylthio , halo - substituted C . - C . alkylthio , 
samples and cell lines have also shown constitutive or SO , R “ , SO N ( R ) R " , - N ( RR " , - C ( O ) OR " , C7 - C10 
overactivation of the Ras / Raf / Mek / Erk pathway in cancers alkyl , C2 - C10 alkenyl , C2 - C10 alkynyl or C3 - C10 cycloalkyl ; 
of pancreas , colon , lung , ovary and kidney . Rº is C1 - C10 alkyl or C . - C14 aryl ; 
As constitutive or overactivation of MAP kinase cascade each R ' , Rº and Rd is independently hydrogen or C - C10 

plays a pivotal role in cell proliferation and differentiation , 55 alkyl ; 
inhibition of this pathway is believed to be beneficial in Róis C ( O ) OR ? , C ( O ) NRRY , C ( O ) N ( R $ ) OR " , 
hyperproliferative diseases . Mek is a key player in this - C ( O ) Rº or NHSO R10 ; 
pathway as it is downstream of Ras and Raf , Additionally , it each R7 and R8 is independently hydrogen , C7 - C10 alkyl , 
is an attractive therapeutic target because the only known C2 - C10 alkenyl , C2 - C1o alkynyl , Cz - C10 cycloalkyl , Cz - C10 
substrates for Mek phosphorylation are the MAP kinases , 60 cycloalkyl C . - C10 alkyl or C - C10 alkyl C3 - C10 cycloalkyl ; 
Erk 1 and 2 . Hence , inhibition of MEK would block Ras / Rºis C , C10 alkyl , C3 - C10 cycloalkyl or C6 - C14 aryl ; 
Raf / Mek / Erk pathway and result in cell growth inhibition , R1° is C - C10 alkyl , C2 - C10 alkenyl , C2 - C10 alkynyl , 
especially the cell growth due to the overactivation of Ras or Cz - C10 cycloalkyl , C3 - C10 cycloalkyl C - C10 alkyl or 
Raf Meanwhile Mek is also related to inflammatory disease C7 - C10 alkyl C3 - C10 cycloalkyl ; and 
and symptoms , including acute and chronic inflammation . 65 R1 is hydrogen , C1 - C10 alkyl , C2 - C10 alkenyl , C2 - C10 

Inhibitors of Mek have shown some effects in clinical alkynyl , Cz - C10 cycloalkyl or C3 - C10 cycloalkyl C . - C10 
experiments of nude mice . Recently , some Mek inhibitors alkyl ; 
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wherein each C7 - C10 alkyl , C2 - C10 alkenyl , C2 - C10 alky - of a disease or condition mediated by MEK , comprising any 
nyl or Cz - C1o cycloalkyl moiety may be unsubstituted or one of the compounds detailed herein or a pharmaceutically 
substituted with one or more groups independently selected acceptable salt , solvate , or prodrug thereof ; and packaging . 
from the group consisting of hydroxy , oxo , halo , cyano , In some embodiments , the kit comprises a formulation of 
nitro , trifluoromethyl , azido , amino , carboxy and mercapto ; 5 any one of the compounds described herein and packaging . 

provided that if X ' is CH , X is O or S , R ' is methyl or Further provided are methods and processes of making 
chloro , R is hydrogen and R is iodo , then Rºis compounds described herein , or a salt ( including a pharma 
— NHSO , R " or - C ( O ) N ( Rº ) OR ' where R ' is C1 - C10 alkyl ceutically acceptable salt ) , solvate or prodrug thereof . 
substituted with at least one hydroxy group . 

In some embodiments , provided is a compound of the 10 BRIEF DESCRIPTION OF THE FIGURES 
formula ( J ) : 

FIG . 1 shows the anti - tumor effect of Compounds 1 , 3 , 9 , 
11 , 17 and 19 in a mouse xenograft model of human colon 

( 1 ) HT - 29 cells . 
15 FIG . 2 shows the anti - tumor effect of Compounds 1 , 3 , 9 , 

11 , 17 and 19 in a COLO - 205 xenograft model . 
R | N 

7 

RAT 
DETAILED DESCRIPTION OF THE 

INVENTION Ps ? 

20 

XSN 

Definitions RS 
For use herein , unless clearly indicated otherwise , use of 

the terms “ a ” , “ an ” and the like refers to one or more . 
25 Reference to “ about ” a valise or parameter herein includes 

or a salt , solvate or prodrug thereof , wherein X ! , X2 , R1 , R2 , ( and describes ) embodiments that are directed to that value 
RP , R4 , R ' , R ' and R are as defined for the formula ( I ) . or parameter per se . For example , description referring to 

In another aspect , provided is any one of the MEK “ about X ” includes description of “ X ” . 
inhibitor compounds described herein present in a substan - The term “ halo ” or “ halogen ” , by itself or as part of 
tially pure form . 30 another substituent , refers to and includes fluoro , chloro , 

Also provided are pharmaceutical compositions and / or bromo and iodo . 
formulations comprising any one of the compounds The term “ alkyl ” , by itself or as part of another substitu 
described herein and a carrier ( e . g . , a pharmaceutically ent , refers to and includes saturated linear ( i . e . unbranched ) 
acceptable carrier ) . In some embodiments , the formulation is or branched hydrocarbon radicals , having the number of 
suitable for administration to an individual . In some embodi - 35 carbon atoms designated ( i . e . , C . - C10 means one to ten 
ments , the formulation comprises an effective amount of any carbons ) . Particular alkyl groups are those having 1 to 10 
one of the compounds described herein and a carrier ( e . g . , a carbon atoms ( a “ C7 - C10 alkyl ” ) . More particular alkyl 
pharmaceutically acceptable carrier ) . In another aspect , pro - groups are those having 1 to 6 carbon atoms ( a “ C , - Co 
vided are pharmaceutical formulations comprising a MEK alkyl " ) , 1 to 4 carbon atoms ( a “ C , - C4 alkyl ” ) , 1 to 3 carbon 
inhibitor compound described herein or a MEK inhibitor 40 atoms ( a “ C , - C , alkyl ” ) or 1 to 2 carbon atoms ( a “ C - C , 
compound described herein in combination with a pharma - alkyl ” ) . Examples of " C , - C? , alkyl ” include , but are not 
ceutically acceptable carrier . limited to , methyl , ethyl , n - propyl , isopropyl , n - butyl , isobu 

In another aspect , provided are methods for the treatment tyl , sec - butyl , tert - butyl , n - pentyl , n - hexyl , n - heptyl , n - octyl , 
and / or prevention of a disease , condition , or disorder where n - nonyl , n - decyl and the like . 
the MEK pathway cascade is implicated , such as a disease , 45 The term " alkenyl ” , by itself or as part of another sub 
condition , or disorder mediated by MEK , comprising admin - stituent , refers to and includes unsaturated linear ( i . e . 
istering to an individual in need thereof a therapeutically unbranched ) or branched hydrocarbon radicals containing at 
effective amount of a compound described herein , such as a least one carbon - carbon double bond , having the number of 
compound of the formula ( I ) , ( J ) , ( K ) , ( A - I ) or any variations carbon atoms designated ( i . e . , C2 - C10 means two to ten 
thereof . In some embodiments , the disease or condition is 50 carbons ) . Particular alkenyl groups are those having 2 to 10 
cancer , chronic inflammatory disease , a skin disease , diabe - carbon atoms ( a “ C2 - C10 alkenyl ” ) . More particular alkenyl 
tes , an eye disease , vasculogenesis , angiogenesis or chronic groups are those having 2 to 8 carbon atoms ( a “ C2 - C , 
pain . In some embodiments , the disease or condition is alkenyl ” ) or 2 to 6 carbon atoms ( a “ C3 - C , alkenyl " ) . 
rheumatoid arthritis or inflammatory bowel disease . In some Examples of “ C2 - C , alkenyl ” include , but are not limited 
embodiments , the disease or condition is a cancer such as 55 to , ethenyl , 1 - propenyl , 2 - propenyl , 1 - methylethenyl , but 
colon cancer , colorectal cancer , lung cancer , pancreatic l - en - 1 - yl , but - 2 - en - 1 - yl , but - 3 - en - 1 - yl , 1 - methyl - 1 - prope 
cancer , breast cancer , ovarian cancer , prostate cancer or skin nyl , 2 - methyl - 1 - propenyl , 1 - methyl - 2 - propenyl , 2 - methyl 
cancer . 2 - propenyl , pent - 1 - en - 1 - yl , pent - 2 - en - 1 - yl , pent - 3 - en - 1 - yl , 

Also provided is use of compounds detailed herein , such pent - 4 - en - 1 - yl , 1 - methyl - 1 - butenyl , 2 - methyl - 1 - butenyl , 
as a compound of the formula ( I ) , ( J ) , ( K ) , ( A - I ) or any 60 3 - methyl - 1 - butenyl , l - methyl - 2 - butenyl , 2 - methyl - 2 - bute 
variations thereof , in the manufacture of a medicament for nyl , 3 - methyl - 2 - butenyl , 1 - methyl - 3 - butenyl , 2 - methyl - 3 
the treatment or prevention of a disease or condition which butenyl , 3 - methyl - 3 - butenyl , 1 , 1 - dimethyl - 2 - propenyl , 1 , 2 
can be ameliorated by inhibition of MEK in an individual , dimethyl - 1 - propenyl , 1 , 2 - dimethyl - 2 - propenyl , l - ethyl - 1 
such as a mammal ( e . g . , human ) , in need thereof . propenyl , l - ethyl - 2 - propenyl , hex - 1 - en - 1 - yl , hex - 2 - en - 1 - yl , 

Kits comprising a compound as described herein and 65 hex - 3 - en - 1 - yl , hex - 4 - en - 1 - yl , hex - 5 - en - 1 - yl , 1 - methyl - 1 
instructions for use are also provided . In one aspect , pro - pentenyl , 2 - methyl - 1 - pentenyl , 3 - methyl - 1 - pentenyl , 
vided are kits for the treatment or prevention in an individual 4 - methyl - 1 - pentenyl , 1 - methyl - 2 - pentenyl , 2 - methyl - 2 - pen 
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tenyl , 3 - methyl - 2 - pentenyl , 4 - methyl - 2 - pentenyl , 1 - methyl The term “ C8 - C14 aryl C - C10 alkyl ” as used herein refers 
3 - pentenyl , 2 - methyl - 3 - pentenyl , 3 - methyl - 3 - pentenyl , to a C7 - C10 alkyl moiety which is substituted with a C6 - C14 
4 - methyl - 3 - pentenyl , 1 - methyl - 4 - pentenyl , 2 - methyl - 4 - pen aryl moiety . Examples of " C6 - C14 aryl C . - C10 alkyl ” 
tenyl , 3 - methyl - 4 - pentenyl , 4 - methyl - 4 - pentenyl , 1 , 1 - dim - include , but are not limited to , benzyl , phenylethyl , and the 
ethyl - 2 - butenyl , 1 , 1 - dimethyl - 3 - butenyl , 1 , 2 - dimethyl - 1 - 5 like . 
butenyl , 1 , 2 - dimethyl - 2 - butenyl , 1 , 2 - dimethyl - 3 - butenyl , The term " heterocyclyl ” or “ heterocycle ” as used herein 
1 , 3 - dimethyl - 1 - butenyl , 1 , 3 - dimethyl - 2 - butenyl , 1 , 3 - dim - refers to monocyclic or bicyclic radicals which , may be fully 
ethyl - 3 - butenyl , 2 , 2 - dimethyl - 3 - butenyl , 2 , 3 - dimethyl - 1 saturated , partially saturated , or fully unsaturated or aro 
butenyl , 2 , 3 - dimethyl - 2 - butenyl , 2 , 3 - dimethyl - 3 - butenyl , matic , having the number of annular carbon atoms desig 
3 , 3 - dimethyl - 1 - butenyl , 3 , 3 - dimethyl - 2 - butenyl , 1 - ethyl - 1 - 10 nated ( i . e . , Cz - C1o means three to ten annular carbon atoms ) 
butenyl , 1 - ethyl - 2 - butenyl , 1 - ethyl - 3 - butenyl , 2 - ethyl - 1 - bute and containing at least one or more of the same or different 
nyl , 2 - ethyl - 2 - butenyl , 2 - ethyl - 3 - butenyl , 1 , 1 , 2 - trimethyl - 2 heteroatoms selected from N , S or 0 , provided that at least 
propenyl , 1 - ethyl - 1 - methyl - 2 - propenyl , l - ethyl - 2 - methyl - 1 one annular carbon atom is present and two annular oxygen 
propenyl , l - ethyl - 2 - methyl - 2 - propenyl , and the like . atoms , if present , do not occupy directly neighboring posi 

The term “ alkynyl ” , by itself or as part of another sub - 15 tions . A “ heterocycly ” or “ heterocycle ” may be a 3 to 
stituent , refers to and includes unsaturated linear ( i . e . 15 - membered saturated or partially unsaturated ring con 
unbranched ) or branched hydrocarbon radicals containing at taining 1 to 4 heteroatoms selected from O , S and N , where 
least one carbon - carbon triple bond , having the number of the ring may be monocyclic , bicyclic or tricyclic , contain at 
carbon atoms designated ( i . e . , C2 - C10 means two to ten least one annular carbon atom and 1 to 3 nitrogen atoms , 
carbons ) . Particular alkynyl groups are those having 2 to 10 20 and / or 1 oxygen or sulfur atom or 1 or 2 oxygen and / or 
carbon atoms ( a “ C , - Cin alkynyl " ) . More particular alkenyl sulfur atoms ; provided that when more than one annular 
groups are those having 2 to 8 carbon atoms ( a “ C2 - Cg oxygen atoms are present , they do not occupy directly 
alkynyl ” ) or 2 to 6 carbon atoms ( a “ C2 - C6 alkynyl ” ) . neighboring positions . Examples of " heterocyclyl ” or “ het 
Examples of “ C2 - C10 alkynyl ” include , but are not limited erocycle ” include , but are not limited to , 2 - oxiranyl , 
to , ethynyl , 1 - propynyl , 2 - propynyl , but - 1 - yn - 1 - yl , but - 2 - 25 2 - aziridinyl , 2 - tetrahydrofurany ) , 3 - tetrahydrofuranyl , 2 - tet 
yn - 1 - yl , but - 3 - yn - 1 - yl , 1 - methyl - 2 - propynyl , pent - 1 - yn - 1 - rahydrothienyl , 3 - tetrahydrothienyl , 2 - pyrrolidinyl , 3 - pyrro 
yl , pent - 2 - yn - 1 - yl , pent - 3 - yn - 1 - yl , pent - 4 - yn - 1 - yl , lidinyl , 3 - isoxazolinyl , 4 - isoxazolinyl , 5 - isoxazolinyl , 3 - iso 
1 - methyl - 2 - butynyl , 1 - methyl - 3 - butynyl , 2 - methyl - 3 - buty - thiazolinyl , 4 - isothiazolinyl , 5 - isothiazolinyl , 3 - pyrazolinyl , 
nyl , 3 - methyl - 1 - butynyl , 1 , 1 - dimethyl - 2 - propynyl , 1 - ethyl - 4 - pyrazolinyl , 5 - pyrazolinyl , 2 - oxazolinyl , 4 - oxazolinyl , 
2 - propynyl , hex - 1 - yn - 1 - yl , hex - 2 - yn - 1 - yl , hex - 3 - yn - 1 - yl , 30 5 - oxazolinyl , 2 - thiazolinyl , 4 - thiazolinyl , 5 - thiazolinyl , 
hex - 4 - yn - 1 - yl , hex - 5 - yn - 1 - yl , 1 - methyl - 2 - pentynyl , 2 - imidazolinyl , 4 - imidazolinyl , 1 , 2 , 4 - oxadiazol - 3 - yl , 1 , 2 , 4 
1 - methyl - 3 - pentynyl , 1 - methyl - 4 - pentynyl , 2 - methyl - 3 - pen - oxadiazol - 5 - yl , 1 , 2 , 4 - thiadiazol - 3 - yl , 1 , 2 , 4 - thiadiazol - 5 - yl , 
tynyl , 2 - methyl - 4 - pentynyl , 3 - methyl - 1 - pentynyl , 3 - methyl 1 , 2 , 4 - triazol - 3 - yl , 1 , 3 , 4 - thiadiazol - 2 - yl , 1 , 3 , 4 - oxadiazol - 2 
4 - pentynyl , 4 - methyl - 1 - pentynyl , 4 - methyl - 2 - pentynyl , 1 , 1 yl , 1 , 3 , 4 - triazol - 2 - yl , 2 , 3 - dihydrofuran - 2 - yl , 2 , 3 - dihydro 
dimethyl - 2 - butynyl , 1 , 1 - dimethyl - 3 - butynyl , 1 , 2 - dimethyl - 35 furan - 3 - yl , 2 , 4 - dihydrofuran - 2 - yl , 2 , 4 - dihydrofuran - 3 - yl , 
3 - butynyl , 2 , 2 - dimethyl - 3 - butynyl , 3 , 3 - dimethyl - 1 - butynyl , 2 , 3 - dihydrothiophen - 2 - yl , 2 , 3 - dihydrothiophen - 3 - yl , 2 , 4 - di 
1 - ethyl - 2 - butynyl , 1 - ethyl - 3 - butynyl , 2 - ethyl - 3 - butynyl , hydrothiophen - 2 - yl , 2 , 4 - dihydrothiophen - 3 - yl , 2 - pyrrolin 
1 - ethyl - 1 - methyl - 2 - propynyl , and the like . 2 - yl , 2 - pyrrolin - 3 - yl , 3 - pyrrolin - 2 - yl , 3 - pyrrolin - 3 - yl , 

The term " cycloalkyl ” , by itself or as part of another 2 - isoxazolin - 3 - yl , 3 - isoxazolin - 3 - yl , 4 - isoxazolin - 3 - yl , 
substituent , refers to and includes saturated monocyclic 40 2 - isoxazolin - 4 - yl , 3 - isoxazolin - 4 - yl , 4 - isoxazolin - 4 - yl , 
hydrocarbon radicals , having the number of carbon atoms 2 - isoxazolin - 5 - y1 , 3 - isoxazolin - 5 - yl , 4 - isoxazolin - 5 - yl , 
designated ( i . e . , C3 - C1o means three to ten carbons ) . Par - 2 - isothiazolin - 3 - yl , 3 - isothiazolin - 3 - yl , 4 - isothiazolin - 3 - yl , 
ticular cycloalkyl groups are those having 3 to 10 carbon 2 - isothiazolin - 4 - yl , 3 - isothiazolin - 4 - yl , 4 - isothiazolin - 4 - yl , 
atoms ( a “ C3 - C10 cycloalkyl ” ) . More particular cycloalkyl 2 - isothiazolin - 5 - yl , 3 - isothiazolin - 5 - yl , 4 - isothiazolin - 5 - yl , 
groups are those having 3 to 8 carbon atoms ( a “ C3 - C , 45 2 , 3 - dihydropyrazolin - 1 - yl , 2 , 3 - dihydropyrazolin - 2 - yl , 2 , 3 
cycloalkyl ” ) , 3 to 6 carbon atoms ( a “ C3 - Co cycloalkyl ” ) or dihydropyrazolin - 3 - yl , 2 , 3 - dihydropyrazolin - 4 - yl , 2 , 3 - dihy 
3 to 4 carbon atoms ( a “ C3 - C4 cycloalkyl ” ) . Examples of dropyrazolin - 5 - y1 , 3 , 4 - dihydropyrazoline - 1 - yl , 3 , 4 - dihydro 
" C3 - C10 cycloalkyl ” include , but are not limited to , cyclo - pyrazolin - 3 - y1 , 3 , 4 - dihydropyrazolin - 4 - yl , 3 , 4 
propyl , cyclopentyl , cyclohexyl , and the like . dihydropyrazolin - 5 - yl , 4 , 5 - dihydropyrazolin - 1 - yl , 4 , 5 

The term “ aryl ” , by itself or as part of another substituent , 50 dihydropyrazolin - 3 - yl , 4 , 5 - dihydropyrazolin - 4 - yl , 4 , 5 
refers to and includes monocyclic or polycyclic aromatic dihydropyrazolin - 5 - yl , 2 , 3 - dihydrooxazolin - 2 - yl , 2 , 3 
hydrocarbon radicals , having the number of annular carbon dihydrooxazolin - 3 - yl , 2 , 3 - dihydrooxazolin - 4 - y1 , 2 , 3 
atoms designated ( i . e . , C8 - C14 means six to fourteen car dihydrooxazolin - 5 - yl , 3 , 4 - dihydrooxazolin - 2 - yl , 3 , 4 
bons ) . Particular aryl groups are those having 6 to 14 annular dihydrooxazolin - 3 - yl , 3 , 4 - dihydrooxazolin - 4 - yl , 3 , 4 
carbon atoms ( a “ C6 - C14 aryl ” ) . Examples of “ C8 - C14 aryl ” 55 dihydrooxazolin - 5 - yl , 4 , 5 - dihydrooxazolin - 2 - yl , 4 , 5 
include , but are not limited to , phenyl , naphthyl , anthrace - dihydrooxazolin - 3 - yl , 4 , 5 - dihydrooxazolin - 4 - yl , piperidin 
nyl , and the like . In some embodiments , an aryl may contain 2 - yl , piperidine - 3 - yl , piperidine - 4 - yl , 1 , 3 - dioxane - 5 - yl , 
a single ring ( e . g . , phenyl ) . In some embodiments , an aryl tetrahydropyran - 2 - yl , tetrahydropyran - 4 - yl , tetrahydrothio 
may contain multiple rings ( e . g . , biphenyl ) . In some embodi - phen - 2 - yl , hexahydrodiazin - 3 - yl , hexahydrodiazin - 4 - yl , 
ments , an aryl may contain multiple condensed rings where 60 hexahydropyrimidin - 2 - yl , hexahydropyrimidin - 4 - yl , hexa 
at least one of the condensed rings is aromatic ( e . g . , 1 , 2 , 3 , hydropyrimidin - 5 - yl , piperazin - 2 - yl , 1 , 3 , 5 - triazinan - 2 - yl , 
4 - tetrahydronaphthyl and naphthyl ) . 1 , 2 , 4 - triazinan - 3 - yl , and the like . 

The term “ C3 - C1o cycloalkyl C , - C10 alkyl ” as used herein The term " heteroaryl ” as used herein refers to aromatic 
refers to a C - C10 alkyl moiety which is substituted with a heterocyclyl or heterocycle as defined herein . Examples of 
Cz - C10 cycloalkyl moiety . Examples of “ C3 - C10 cycloalkyl 65 " heteroaryl ” include , but are not limited to , 2 - furanyl , 
C - C10 alkyl ” include , but are not limited to , cyclopropyl 3 - furanyl , thiophen - 2 - yl , thiophen - 3 - yl , 1H - pyrrol - 2 - yl , 
methyl and the like . 1H - pyrrol - 3 - yl , isoxazol - 3 - yl , isoxazol - 4 - yl , isoxazol - 5 - yl , 

2 - yly 
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isothiazol - 3 - yl , isothiazol - 4 - yl , isothiazol - 5 - yl , 1H - pyrazol The term " prevention ” includes providing prophylaxis 
3 - yl , 1H - pyrazol - 4 - yl , 1H - pyrazol - 5 - yl , oxazol - 2 - yl , with respect to occurrence or recurrence of a disease in an 
oxazol - 4 - yl , oxazol - 5 - yl , thiazol - 2 - yl , thiazol - 4 - yl , thiazol individual . An individual may be predisposed to , susceptible 
5 - yl , 1H - imidazol - 2 - yl , 1H - imidazol - 4 - yl , 1 , 2 , 4 - oxadiazol - to the disease , or at risk of developing the disease , but has 
3 - yl , 1 , 2 , 4 - oxadiazol - 5 - yl , 1 , 2 , 4 - thiadiazol - 3 - yl , 1 , 2 , 4 - thia - 5 not yet been diagnosed with the disease . 
diazol - 5 - yl , 1 , 2 , 4 - triazol - 3 - yl , 1 , 3 , 4 - thiadiazol - 2 - yl , 1 , 3 , 4 - The term “ pharmaceutically acceptable ” as used herein 
oxadiazol - 2 - yl , 1 , 3 , 4 - triazol - 2 - yl , 1H - pyrrol - 1 - yl , pertains to compounds , materials , compositions , and / or dos 1H - pyrazol - 1 - yl , 1 , 2 , 4 - triazol - 1 - yl , imidazol - 1 - yl , 1 , 2 , 3 - tri age forms which are , within the scope of sound medical azol - 1 - yl , 1 , 3 , 4 - triazol - 1 - yl , pyridin - 2 - yl , pyridin - 3 - yl , pyri judgment , suitable for use in contact with the tissues of a din - 4 - yl , diazin - 2 - yl , pyrimidin - 2 - yl , pyrimidin - 4 - yl , 10 subject ( e . g . human ) without excessive toxicity , irritation , pyrimidin - 5 - yl , pyrazin - 2 - yl , 1 , 3 , 5 - triazin - 2 - yl , 1 , 2 , 4 - tri 
azin - 3 - yl , 1 , 2 , 4 , 5 - tetrazin - 3 - yl , indol - 1 - yl , indol - 2 - yl , indol allergic response , or other problem or complication , com 

mensurate with a reasonable benefit / risk ratio . Each carrier , 3 - yl , indol - 4 - yl , indol - 5 - yl , indol - 6 - yl , indol - 7 - yl , benzo [ d ] 
imidazol - 1 - yl , benzo [ d ] imidazol - 2 - yl , benzo [ d ] imidazol - 4 excipient , etc . must also be “ acceptable ” in the sense of 
vl . benzoldlimidazol - 5 - vl . indazol - 1 - vl . indazol - 2 - v1 . 15 being compatible with the other ingredients of the formu 
indazol - 3 - yl , indazol - 4 - yl , indazol - 5 - yl , indazol - 6 - yl , inda lation . 
zol - 7 - yl , benzofuran - 2 - yl , benzofuran - 3 - yl , benzofuran - 4 Unless indicated otherwise , the term “ pharmaceutically 
yl , benzofuran - 5 - yl , benzofuran - 6 - yl , benzofuran - 7 - yl , acceptable salt ” as used herein , refers to salts which are 
benzo [ b ] thiophen - 2 - yl , benzo [ b ] thiophen - 3 - yl , benzo [ b ] suitable for use in contact with the tissues of a subject ( e . g . , 
thiophen - 4 - yl , benzo [ b ] thiophen - 5 - yl , benzo [ b ] thiophen - 6 - 20 human ) without excessive adverse effect . In some embodi 
yl , benzo [ b ] thiophen - 7 - yl , benzo [ d ] thiazol - 2 - yl , benzo [ d ] ments , pharmaceutically acceptable salts include salts of a 
thiazol - 4 - yl , benzo [ d ] thiazol - 5 - yl , benzo [ d ] thiazol - 6 - yl , compound of the invention having an acidic group ( for 
benzo [ d ] thiazol - 7 - yl , benzo [ d ] oxazol - 2 - yl , benzo [ d ] oxazol example , but not limited to , potassium salts , sodium , salts , 
4 - yl , benzo [ d ] oxazol - 5 - yl , benzo [ djoxazol - 6 - yl , benzo [ d ] magnesium salts , calcium salt , and the like ) or a basic group 
oxazol - 7 - yl , quinolin - 2 - yl , quinolin - 3 - yl , quinolin - 4 - yl , qui - 25 ( for example , but not limited to , sulfate , hydrochloride , 
nolin - 5 - yl , quinolin - 6 - yl , quinolin - 7 - yl , quinolin - 8 - yl , phosphate , nitrate , carbonate , and the like ) . 
isoquinolin - 1 - yl , isoquinolin - 3 - yl , isoquinolin - 4 - yl , isoqui Compounds 
nolin - 5 - yl , isoquinolin - 6 - yl , isoquinolin - 7 - yl , isoquinolin - 8 - Compounds according to the invention are detailed 
yl , and the like . herein , including in the Brief Summary of the Invention and 

The term " heterocyclyl C , - C10 alkyl ” as used herein 30 the appended claims . The invention embraces all com 
refers to a C , - C10 alkyl moiety which is substituted with a pounds detailed herein , including any synthetic intermedi 
heterocyclyl moiety . Examples of " heterocyclyl C1 - C10 a tes and uses thereof . The invention includes the use of all 
alkyl ” include , but are not limited to , tetrahydrofuranylm of the compounds described herein , including any and all 
ethyl and the like . stereoisomers , including geometric isomers ( cis / trans ) , salts 

The term “ heteroaryl C1 - C10 alkyl ” as used herein refers 35 and solvates of the compounds described herein , as well as 
to a C - C10 alkyl moiety which is substituted with a het methods of making such compounds . eroaryl moiety . Examples of " heteroaryl C1 - C10 alkyl ” In one aspect , provided is a compound of the formula ( I ) : 
include , but are not limited to , oxazolylmethyl , pyridylethyl , 
and the like . 

The term “ solvate ” refers to an aggregate formed by a 40 
solute molecule ( such a compound of the invention ) or ion 
with one or more solvent molecules via intermolecular 
forces such as Coulomb force , Van der Waals force , charge 
dipole interactions and hydrogen bonding . When the solvent 
is water , the solvate is referred to as “ hydrate . ” 45 
Unless clearly indicated otherwise , “ an individual ” as Y 5 R3 

used herein intends a mammal , including but not limited to 
a human . The invention may find use in both human 
medicine and in the veterinary context . 

The term " administration ” and variants thereof ( e . g . , 50 or a salt , prodrug or solvate thereof , wherein : 
“ administering ” ) in reference to a compound of the inven - X is CR or N ; 
tion means introducing the compound or a prodrug of the X² is O , S or carbonyl ; 
compound into the system of the animal in need of treat R ' , R , R4 and R are independently hydrogen , halo , nitro , 
ment . azido , hydroxy , C . - C10 alkoxy , halo - substituted C . - C10 

The term “ therapeutically effective amount ” as used 55 alkoxy , acyloxy , C7 - C10 alkylthio , halo - substituted C7 - C10 
herein means that amount of active compound or pharma - alkylthio , amino , carboxy , C . - C10 alkyl , C2 - C10 alkenyl , 
ceutical agent that elicits the biological or medicinal C2 - C10 alkynyl or Cz - C10 cycloalkyl ; 
response in a tissue , system , animal or human that is being Rºis hydrogen , halo , cyano , nitro , azido , hydroxy , C . - C10 
sought by a researcher , veterinarian , medical doctor or other alkoxy , halo - substituted C - C10 alkoxy , acyloxy , mercapto , 
clinician . 60 C - C10 alkylthio , halo - substituted C - C10 alkylthio , 

The term “ treatment ” refers to the treatment of a mammal SO R “ , SO N ( RC ) R , - N ( R ) R " , - C ( O ) OR " , C1 - C10 
afflicted with a pathological condition and refers to an effect alkyl , C2 - C10 alkenyl , C2 - C10 alkynyl or Cz - C10 cycloalkyl ; 
that alleviates the condition , e . g . , by killing the cancerous Rºis C - C10 alkyl or Co - C14 aryl ; 
cells , but also to an effect that results in the inhibition of the each R " , R and Rd is independently hydrogen or Cz - C10 
progress of the condition , and includes a reduction in the rate 65 alkyl ; 
of progress , a halt in the rate of progress , amelioration of the R is - C ( O ) OR ? , - C ( O ) NR ’ RS , - C ( O ) N ( R ) OR ? , 
condition , and cure of the condition . C ( O ) Ror - NHSO _ R10 ; 

RO 
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( 1 ) 
R6 

R4 I HN 

- R RP 

each R7 and R8 is independently hydrogen , C1 - C10 alkyl , from the group consisting of hydroxy , oxo , halo , cyano , 
C2 - C10 alkenyl , C2 - C10 alkynyl , Cz - C10 cycloalkyl , C3 - C10 nitro , trifluoromethyl , azido , amino , carboxy and mercapto ; 
cycloalkyl C1 - C10 alkyl or C - C10 alkyl C3 - C10 cycloalkyl ; provided that if Xl is CH , X2 is O or S , RI is methyl or 

Rºis C , - C , alkyl , C . - C . , cycloalkyl or C . - C . aryl ; chloro , R2 is hydrogen and Rº is iodo , then Rºis 
RIO is C , - C , , alkyl , C . - C . alkenyl , C . - C . alkynyl , 5 — NHSO2Rºor - C ( O ) N ( R ) OR ' where R ' is C , - C10 alkyl 

Cz - C10 cycloalkyl , C3 - C1o cycloalkyl C1 - C10 alkyl or substituted with at least one hydroxy group . 
C - C10 alkyl C3 - C10 cycloalkyl ; and In some embodiments , the compound is of the formula ( I ) , 

Rll is hydrogen , C7 - C10 alkyl , C2 - C10 alkenyl , C2 - C10 or a salt , prodrug or solvate thereof , wherein Xl is N or 
CR11 . In some embodiments , Xl is N . In some embodiments , alkynyl , Cz - C1o cycloalkyl or C3 - C10 cycloalkyl C - C10 , 1410 10 X ! is CR11 where Rll is hydrogen , C7 - C10 alkyl , C2 - C10 alkyl ; alkenyl , C2 - C10 alkynyl , C3 - C10 cycloalkyl or C3 - C10 wherein each C - C10 alkyl , Cz - C10 alkenyl , C2 - C10 alky cycloalkyl C , - C1o alkyl . In some of these embodiments , R11 nyl or C3 - C10 cycloalkyl moiety may be unsubstituted or is hydrogen . In some of these embodiments , R11 is C - C10 substituted with one or more groups independently selected alkyl , Cz - C10 cycloalkyl or Cz - C10 cycloalkyl C , - C10 alkyl . 

from the group consisting of hydroxy , oxo , halo , cyano , 15 In some other embodiments . Rll is halo . C . - C . alkoxy or 
nitro , trifluoromethyl , azido , amino , carboxy and mercapto . C . - C . alkylthio 

In some embodiments , the compound is of the formula ( 1 ) , In some embodiments , the compound is of the formula ( I ) , 
or a salt , prodrug or solvate thereof , provided that if Xl is or a salt , prodrug or solvate thereof , wherein X² is O , S or 
CH , X2 is O or S , Rl is methyl or chloro , R2 is hydrogen and carbonyl . In some embodiments , X2 is S . In some embodi 
R3 is iodo , then R is — NHSO , R1° or C ( O ) N ( R ) OR ? 20 ments , X2 is O . In some embodiments , X² is carbonyl . 
where R ? is C , - C , , alkyl substituted with at least one It is intended and understood that each and every varia 
hydroxy group . tions of X described for the formula ( 1 ) may be combined 

In another aspect , provided is a compound is of the with each and every variations of x described for the 
formula ( I ) : formula ( I ) as if each and every combinations are individu 

25 ally described . For example , in some embodiments , X is N 
and is S . In some embodiments , X ! is N and X2 is O or 
carbonyl . In some embodiments , Xl is CR11 and X2 is O or 
S . In one variation , Xl is CR11 and X2 is O . In another 
variation , Xl is CR11 and X2 is S . In some embodiments . X1 

30 is CH and X2 is O or S . In one variation , Xl is CH and X2 
is O . In another variation , X is CH and X² is S . 

In some embodiments , the compound is of the formula ( I ) , 
or a salt , prodrug or solvate thereof , wherein R ' is hydrogen , 
halo , nitro , azido , hydroxy , C1 - C10 alkoxy , halo - substituted 

35 C - C10 alkoxy , acyloxy , C , - C10 alkylthio , halo - substituted 
C - C10 alkylthio , amino , carboxy , C . - C10 alkyl , C2 - C10 

or a salt , prodrug or solvate thereof , wherein : alkenyl , C2 - C10 alkynyl or C3 - C10 cycloalkyl . In some 
X1 is CR11 or N ; embodiments , R ' is halo ( e . g . , fluoro or chloro ) . In some 
X2 is O , S or carbonyl ; embodiments , R ' is nitro , azido , hydroxy , amino or carboxy . 
R1 , R2 , R4 and R $ are independently hydrogen , halo , nitro , 40 In some embodiments , R ' is C , - C10 alkoxy , halo - substituted 

azido , hydroxy , C7 - C10 alkoxy , halo - substituted C - C10 C1 - C10 alkoxy , acyloxy C1 - C10 alkylthio or halo - substituted 
alkoxy , acyloxy , C7 - C10 alkylthio , halo - substituted C - C10 C - C10 alkylthio . In some embodiments , Rl is unsubstituted 
alkylthio , amino , carboxy , C7 - C10 alkyl , C2 - C10 alkenyl , or substituted C1 - C10 alkyl , unsubstituted or substituted 
C2 - C10 alkynyl or Cz - C10 cycloalkyl ; C2 - C10 alkenyl , unsubstituted or substituted C2 - C10 alkynyl 

R is hydrogen , halo , cyano , nitro , azido , hydroxy , C7 - C10 45 or unsubstituted or substituted C3 - C10 cycloalkyl . In some 
alkoxy , halo - substituted C , - C10 alkoxy , acyloxy , mercapto , embodiments , R is unsubstituted C - C10 alkyl ( e . g . , 
C - C10 alkylthio , halo - substituted C - C10 alkylthio , methyl ) . 

SO , Rº , SO , N ( R ) RO , N ( R ) Rd , - C ( O ) OR " , C . - C10 In some embodiments , R ! is hydrogen , halo or C , - C6 
alkyl , C2 - C10 alkenyl , C2 - C10 alkynyl or C3 - C10 cycloalkyl ; alkyl . In some embodiments , R is hydrogen , halo or C , - C4 
Rºis C1 - C10 alkyl or C6 - C14 aryl ; 50 alkyl . In some embodiments , R1 is hydrogen , fluoro , chloro , 
each R " , R and Rd is independently hydrogen or C , - C10 bromo or C - C2 alkyl . In some embodiments , R ' is hydro 

alkyl ; gen , fluoro , chloro or methyl . 
Róis C ( O ) OR ? , CONR ' R® , C ( O ) N ( R % ) OR ? In some embodiments , the compound is of the formula ( I ) , 

- C ( O ) RP or - NHSO , R10 ; or a salt , prodrug or solvate thereof , wherein R2 is hydrogen , 
each R ' and R8 is independently hydrogen , C7 - C10 alkyl , 55 halo , nitro , azido , hydroxy , C7 - C10 alkoxy , halo - substituted 

C2 - C10 alkenyl , C2 - C10 alkynyl , Cz - C10 cycloalkyl , C3 - C10 C1 - C10 alkoxy , acyloxy , C7 - C10 alkylthio , halo - substituted 
cycloalkyl C1 - C10 alkyl or C1 - C10 alkyl C3 - C10 cycloalkyl ; C1 - C10 alkylthio , amino , carboxy , C1 - C10 alkyl , C2 - C10 
Rºis C - C10 alkyl , Cz - C10 cycloalkyl or C . - C14 aryl ; alkenyl , C2 - C1o alkynyl or C3 - C10 cycloalkyl . In some 
R10 is C7 - C10 alkyl , C2 - C10 alkenyl , C2 - C10 alkynyl , embodiments , R² is hydrogen . In some embodiments , R2 is 

C3 - C10 cycloalkyl , C3 - C1o cycloalkyl C . - C10 alkyl or 60 halo , nitro , azido , hydroxy , C , - C10 alkoxy , halo - substituted 
C - C10 alkyl C3 - C10 cycloalkyl ; and C - C10 alkoxy , acyloxy , C1 - C10 alkylthio , halo - substituted 

R ! is hydrogen , C . - C10 alkyl , C2 - C10 alkenyl , C2 - C10 C - C10 alkylthio , amino or carboxy . In some embodiments , 
alkynyl , Cz - C10 cycloalkyl , C3 - C1o cycloalkyl C7 - C10 alkyl , R ’ is C , C10 alkyl , C2 - C10 alkenyl , C2 - C10 alkynyl or Cz - C10 
halo , C - C10 alkoxy or C - C10 alkylthio ; cycloalkyl . 
wherein each C1 - C10 alkyl , C2 - C10 alkenyl , C2 - C10 alky - 65 In some embodiments , R² is hydrogen , halo or C - C6 

nyl or Cz - C1o cycloalkyl moiety may be unsubstituted or alkyl . In some embodiments , R2 is hydrogen , halo or C , - C4 
substituted with one or more groups independently selected alkyl . In some embodiments , R is hydrogen , fluoro , chloro , 
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12 
bromo or CZ - C , alkyl . In some embodiments , R2 is hydro - halo , nitro , azido , hydroxy , C7 - C10 alkoxy , halo - substituted 
gen , fluoro , chloro or methyl . C - C10 alkoxy , acyloxy . C7 - C10 alkylthio , halo - substituted 

In some embodiments , the compound is of the formula ( I ) , C7 - C10 alkylthio , amino , carboxy , C7 - C10 alkyl , C2 - C10 
or a salt , prodrug or solvate thereof , wherein Rº is hydrogen , alkenyl , C2 - C10 alkynyl or Cz - C10 cycloalkyl . In some 
halo , cyano , nitro , azido , hydroxy , C , - C10 alkoxy , halo - 5 embodiments , R is hydrogen or halo or unsubstituted or 
substituted C , C10 alkoxy , acyloxy , mercapto , C , C10 alky substituted C - C10 alkyl . In some embodiments , R is hydro 
Ithio , halo - substituted C - C10 alkylthio , - SO R " , - SON gen . In some embodiments , R is fluoro . In some embodi 
( RO ) R " , — N ( R ) R " , - C ( O ) OR " , C - C10 alkyl , C2 - C10 ments , Rºis C , - C10 alkyl ( e . g . , methyl ) . In some embodi 
alkenyl , C2 - C10 alkynyl or Cz - C10 cycloalkyl . In some ments , R is halo , nitro , azido , hydroxy , amino or carboxy . 
embodiments , R is halo or cyano . In some embodiments , R310 In some embodiments , R is C - C10 alkoxy , halo - substituted 
is halo ( e . g . , iodo or bromo ) . In some embodiments , R * is C - C10 alkoxy , acyloxy , C . - C10 alkylthio or halo - substituted 
nitro , azido , hydroxy or mercapto , SO , R " , SO2N ( RC ) C2 - C10 alkylthio . In some embodiments , Ris C , C10 alkyl , 
R “ , - N ( RO ) Rd or - C ( O ) OR ' . In some of these embodi - C2 - C10 alkenyl , C2 - C10 alkynyl or C3 - C1o cycloalkyl . 
ments , R is — SO R " where Rº is C , C10 alkyl or C . - C14 In some embodiments , R * is hydrogen , halo or C , - C6 
aryl . In one variation , Rº is unsubstituted or substituted 15 alkyl . In some embodiments , R is hydrogen , halo or C , - C4 
C - C10 alkyl ( e . g . , methyl ) . In some of these embodiments , alkyl . In some embodiments , R is hydrogen , fluoro , chloro , 
R is SO N ( R ) Rd where R? and Rd are independently bromo or C . - C2 alkyl . In some embodiments , R is hydro 
hydrogen or CZ - C10 alkyl . In one variation , R² is SO N gen , fluoro , chloro or methyl . 
( R Rd where each RC and Rd is independently unsubstituted It is intended and understood that each and every varia 
or substituted C - C10 alkyl . In some of these embodiments , 20 tions of R1 , R² , R " , R4 or R $ described for the formula ( 1 ) 
Rºis — N ( RR where R and Rd are independently hydro may be combined with each and every variations of another 
gen or C1 - C10 alkyl . In one variation , R is - N ( R ) R " where one or more of R1 , R2 , R3 , R * and RS and / or each and every 
each R and Rd is independently hydrogen or methyl . In one variations of X1 and X2 described for the formula ( I ) as if 
particular variation , R * is NMen . In some of these embodi - each and every combinations are individually described . For 
ments , R * is _ C ( O ) OR ' where R ' is hydrogen or C . - C10 25 example , in some embodiments , provided is a compound of 
alkyl . In one variation , R3 is C ( O ) OR where R is the formula ( I ) , or a salt , prodrug or solvate thereof , where 
hydrogen ( i . e . , R3 is carboxy ) . In another variation , R3 is xl is N , X2 is S , Rl is halo ( e . g . , fluoro or chloro ) , R2 is 
- C ( O ) OR where R is unsubstituted or substituted C - C18 hydrogen , R3 is halo ( e . g . , iodo or bromo ) , R4 is hydrogen 
alkyl ( e . g . , methyl or ethyl ) . In some embodiments , R * is and R is fluoro . In some of these embodiments , Xl is N , X2 
C7 - C10 alkoxy , halo - substituted C - C10 alkoxy ( e . g . , trifluo - 30 is S , R ' is fluoro . R² is hydrogen , R is iodo , R is hydrogen 
romethoxy ) , acyloxy , C7 - C10 alkylthio ( e . g . , methylthio ) , or and R? is fluoro . In some of these embodiments . X ' is N , X ? 
halo - substituted C , C10 alkylthio . In some embodiments , R is S , R ' is chloro . R2 is hydrogen , R is bromo , R4 is 
is C , - C10 alkyl , C2 - C10 alkenyl , C2 - C10 alkynyl or C3 - C18 hydrogen and RS is fluoro . In some embodiments , Xl is CR11 
cycloalkyl . In some embodiments , R is unsubstituted or where R1 is hydrogen , X² is S , R ' is halo ( e . g . , fluoro or 
substituted C7 - C10 alkyl , such as halo - substituted C - C10 35 chloro ) , R2 is hydrogen , R * is halo ( e . g . , iodo or bromo ) , R4 
alkyl ( e . g . , trifluoromethyl ) . is hydrogen and Ris fluoro . In some of these embodiments . 

In some embodiments , R is hydrogen , halo , C , - C6 X is CH , X2 is S , R ' is fluoro , R2 is hydrogen , R3 is iodo , 
alkoxy , C , - C alkyl , halo - substituted C - C . alkyl , CZ - C6 R * is hydrogen and R is fluoro . In some of these embodi 
alkylthio , halo - substituted C1 - C . alkoxy or halo - substituted ments , X ! is CH , X² is S , R ' is chloro , R² is hydrogen , R * is 
C . - C . alkylthio . In some embodiments , R is fluoro , chloro , 40 bromo , R4 is hydrogen and RS is fluoro . In some embodi 
bromo , iodo , C1 - C4 alkyl , halo - substituted C3 - C4 alkyl , ments , Xl is CR11 where Rll is hydrogen , X2 is O , Rl is halo 
CZ - C4 alkoxy , C3 - C4 alkylthio , halo - substituted C , - C4 ( e . g . , fluoro or chloro ) , R2 is hydrogen , R is halo ( e . g . , iodo 
alkoxy or halo - substituted C , - C4 alkylthio . In some embodi - or bromo ) , R * is hydrogen and R3 is fluoro . In some of these 
ments , R² is bromo , iodo , C2 - C2 alkylthio , halo - substituted embodiments , X is CH , X² is O , R ' is fluoro , R2 is hydro 
C1 - C2 alkylthio , C . - C2 alkoxy , halo - substituted C , - C2 45 gen , R is iodo , R4 is hydrogen and R is fluoro . In some of 
alkoxy , C , - C , alkyl or halo - substituted C . - C , alkyl . In some these embodiments , X ! is CH , X2 is O , R ' is chloro , R² is 
embodiments , R3 is bromo , iodo , methyl , methoxy , methyl - hydrogen , R * is bromo , R4 is hydrogen and R is fluoro . 
thio , trifluoromethyl , trifluoromethoxy or trifluoromethyl In some embodiments , the compound is of the formula ( I ) , 
thio . or a salt , prodrug or solvate thereof , wherein Rºis - C ( O ) 

In some embodiments , the compound is of the formula ( I ) , 50 OR ? , - C ( O ) NR ' RS , C ( O ) N ( R $ ) OR ? , - C ( O ) Rº or 
or a salt , prodrug or solvate thereof , wherein R4 is hydrogen , NHSO R10 . In some embodiments . Róis - C ( O ) OR7 . In 
halo , nitro , azido , hydroxy , C7 - C10 alkoxy , halo - substituted some embodiments , Róis - C ( O ) NR R8 . In some embodi 
C - C10 alkoxy , acyloxy , C7 - C10 alkylthio , halo - substituted ments , Róis - C ( O ) N ( R ) OR ? where each R7 and R8 is 
C - C10 alkylthio , amino , carboxy , C7 - C10 alkyl , C2 - C10 independently hydrogen , C . - C10 alkyl , C2 - C10 alkenyl , 
alkenyl , C2 - C1o alkynyl or Cz - C10 cycloalkyl . In some 55 C2 - C10 alkynyl , Cz - C10 cycloalkyl , C3 - C10 cycloalkyl 
embodiments , R4 is hydrogen . In some embodiments , R4 is C - C10 alkyl or C , C10 alkyl Cz - C10 cycloalkyl . In some of 
halo , nitro , azido , hydroxy , amino or carboxy . In some these embodiments , R is hydrogen , unsubstituted or sub 
embodiments , R4 is C , - C10 alkoxy , halo - substituted C . - C10 stituted C , - C10 alkyl or unsubstituted or substituted C3 - C10 
alkoxy , acyloxy , C7 - C10 alkylthio or halo - substituted C , - C10 cycloalkyl . In some embodiments , R ' is Cz - C1o cycloalkyl 
alkylthio . In some embodiments , R * is C - C10 alkyl , C2 - C10 60 C1 - C10 alkyl ( e . g . , cyclopropyl methyl ) . In some of these 
alkenyl , C2 - C10 alkynyl or Cz - C10 cycloalkyl . embodiments , R ' is substituted C , - C10 alkyl , such as C , - C10 

In some embodiments , R4 is hydrogen , halo or CZ - C6 alkyl substituted with at least one hydroxy group . In some of 
alkyl . In some embodiments , R * is hydrogen or C , - C4 alkyl . these embodiments , R ' is C , - C10 alkyl substituted with at 
In some embodiments , R4 is hydrogen or C , - C2 alkyl . In least 1 to 3 hydroxy groups . In some of these embodiments , 
some embodiments , R * is hydrogen . 65 R ? is C - C . alkyl substituted with at least 1 to 3 hydroxy 

In some embodiments , the compound is of the formula ( I ) , groups . In some of these embodiments , R is C , - C4 alkyl 
or a salt , prodrug or solvate thereof , wherein R is hydrogen , substituted with 1 or 2 hydroxy groups ( e . g . , 2 - hydroxy 
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ethyl , 3 - hydroxy - 2 - methylpropyl , 2 , 3 - dihydroxypropyl and dihydroxypropyl , 1 , 3 - dihydroxy - 2 - propyl , 3 - hydroxy - 2 
1 , 3 - dihydroxy - 2 - propyl ) . In some of these embodiments , R7 methylpropyl , cyclopropyl and 1 - ( 2 , 3 - dihydroxypropyl ) cy 
is selected from the group consisting of 2 - hydroxyethyl , clopropyl . 
3 - hydroxy - 2 - methylpropyl , 2 , 3 - dihydroxypropyl and 1 , 3 - It is intended and understood that each and every varia 
dihydroxy - 2 - propyl . In some of these embodiments , R ' is 5 tions of Ró described for the formula ( I ) may be combined 
selected from the group consisting of 2 - hydroxyethyl , ( R ) with each and every variations of X1 , X² , R ' , R ? , R , R4 3 - hydroxy - 2 - methylpropyl , ( S ) - 3 - hydroxy - 2 - methylpropyl , and / or R? described for the formula ( I ) as if each and every ( R ) - 2 , 3 - dihydroxypropyl , ( S ) - 2 , 3 - dihydroxypropyl and 1 , 3 combinations are individually described . For example , in dihydroxy - 2 - propyl . In some of these embodiments , R ? is some embodiments , provided is a compound of the formula unsubstituted or substituted C2 - C1o alkenyl or unsubstituted 10 ( I ) , or a salt , prodrug or solvate thereof , where X is N or or substituted C2 - C10 alkynyl . In some of these embodi CR11 where R1 is H , X2 is O or S , R ' is halo ( e . g . , fluoro or ments , R7 is hydrogen , C1 - C10 alkyl , C2 - C10 alkenyl , C2 - C10 chloro ) , R2 is hydrogen , R² is halo ( e . g . , iodo or bromo ) , R4 alkynyl , Cz - C1o cycloalkyl , Cz - C10 cycloalkyl C1 - C10 alkyl is hydrogen , R is fluoro and Róis - C ( O ) N ( R ) OR ? where or C , - C1 , alkyl C3 - C10 cycloalkyl . In some of these embodi R ? is C , - C10 alkyl substituted with at least 1 to 3 hydroxy ments , R® is hydrogen or unsubstituted or substituted C - C10 15 groups and R8 is hydrogen . In some of these embodiments , alkyl . In some of these embodiments , R8 is C , - C10 alkyl , Xl is N , X2 is S , R ' is halo ( e . g . , fluoro or chloro ) , R2 is C2 - C10 alkenyl , C2 - C10 alkynyl , Cz - C10 cycloalkyl , Cz - C10 hydrogen , R3 is halo ( e . g . , iodo or bromo ) , R4 is hydrogen , cycloalkyl C7 - C10 alkyl or C - C10 alkyl C3 - C10 cycloalkyl . RS is fluoro and Róis - C ( O ) NHOR ? where R7 is C - C4 In some embodiments , Ris - C ( O ) Rº where Rº is unsub alkyl substituted with 1 or 2 hydroxy groups ( e . g . , 2 - hy stituted or substituted C - C10 alkyl , Cz - C10 alkenyl , Cz - C10 20 drox 
alkynyl , Cz - C10 cycloalkyl , Cz - C10 cycloalkyl C7 - C10 alkyl pyl and 1 , 3 - dihydroxy - 2 - propyl ) . In some of these embodi or C , C10 alkyl C3 - C1o cycloalkyl . In some embodiments , ments , X is N , X² is S , R is fluoro , R² is hydrogen , R * is R® is NHSO R10 where Riº is C , - C10 alkyl , C2 - C10 iodo , R4 is hydrogen , R is fluoro and R? is C ( O ) alkenyl , C2 - C1o alkynyl , Cz - Cio cycloalkyl , Cz - C10 NHOCH , CH , OH . In some of these embodiments , X ! is N , 
cycloalkyl Cy - C10 alkyl or C1 - C10 alkyl C3 - C10 cycloalkyl . 25 x2 is S . R1 is chloro . R2 is hydrogen . R3 is bromo . R4 is 
In some of these embodiments , Rº is unsubstituted or hydrogen , R is fluoro and Ris - C ( O ) NHOCH CH OH . substituted C , - C10 alkyl or optionally substituted C3 - C10 10 In some embodiments , Xl is CR11 where R11 is hydrogen , X2 cycloalkyl . In some of these embodiments , R1° is C , - C10 $ 1910 is O or S , R ' is halo ( e . g . , fluoro or chloro ) , R2 is hydrogen , alkyl or C3 - C10 cycloalkyl ( e . g . , cyclopropyl ) . In some of R² is halo ( e . g . , iodo or bromo ) , R4 is hydrogen , R is fluoro these embodiments , R10 is unsubstituted or substituted 30 and Róis - C ( O ) NHOR ? where R7 is C , - C4 alkyl substi C - C10 alkyl Cz - C1o cycloalkyl , such as C , - C10 alkyl Cz - C10 tuted with 1 or 2 , hydroxy groups ( e . g . , 2 - hydroxyethyl , cycloalkyl substituted with at least one hydroxy group . In 3 - hydroxy - 2 - methylpropyl , 2 , 3 - dihydroxypropyl and 1 , 3 3 - hydroxy - 2 - methúipronyl 3 - dihydroxypropyl and 13 . 
some of these embodiments , R is C1 - C10 alkyl C3 - C10 dihydroxy - 2 - propyl ) . In some of these embodiments . X ' is 
cycloalkyl substituted with 1 or 2 hydroxy groups ( e . g . , CH , X2 is S , Rl is fluoro , R2 is hydrogen , R ’ is iodo , R is 1 - ( 2 , 3 - dihydroxypropyl ) cyclopropyl ) . In some of these 35 hydrogen , R is fluoro , and Róis - C ( O ) NHOCH CH2OH . embodiments , R10 is ( R ) - 1 - ( 2 , 3 - dihydroxypropyl ) cyclopro In some of these embodiments , Xl is CH , X2 is S , Rl is pyl ) or ( S ) - 1 - ( 2 , 3 - dihydroxypropyl ) cyclopropyl ) . In some of chloro , R2 is hydrogen , R3 is bromo , R4 is hydrogen and RS these embodiments , Riº is C , C10 alkyl , C2 - C10 alkenyl , is fluoro . In some of these embodiments , Xl is CH , X2 is O , 
C9 - C1o alkynyl , C3 - C10 cycloalkyl , C3 - C10 cycloalkyl Rl is fluoro . R2 is hydrogen . R3 is iodo . R4 is hydrogen . R ? 
C - C10 alkyl or C , - C10 alkyl Cz - C10 cycloalkyl . 40 i is fluoro , and R is C ( O ) NHOCH CH2OH . In some of In some embodiments , Róis - C ( O ) N ( R $ ) OR " , - C ( O ) these embodiments , Xl is CH , X² is O , Rl is chloro , R2 is NR / R8 or NHSO , R10 ; each R7 and R8 is independently hydrogen , R3 is bromo , R * is hydrogen , R is fluoro , and RÓ hydrogen , C . - C . alkyl , Cz - Co cycloalkyl , Cz - Co cycloalkyl T is - C ( O ) NHOCH _ CH OH . C . - C . alkyl or CZ - C6 alkyl C3 - C6 cycloalkyl ; and R1° is Also provided is a compound of the formula ( I - 1 ) : C . - C . alkyl , Cz - C6 cycloalkyl , Cz - Cô cycloalkyl C , - C6 alkyl 45 
or C7 - C alkyl C3 - Co cycloalkyl ; where each of the C1 - C6 
alkyl , Cz - Co , cycloalkyl , Cz - Co cycloalkyl C . - C . alkyl and ( I - 1 ) C - C . alkyl C3 - C . cycloalkyl groups may be unsubstituted 
or substituted with one or more groups selected from the 
group consisting of hydroxy and mercapto . In some embodi - 50 
ments , Róis - C ( O ) N ( R ) OR " , - C ( O ) NR ’ RS or 
- NHSO R10 ; each R7 and R10 is independently C , - C4 

alkyl , C3 - C4 cycloalkyl , C3 - C4 cycloalkyl CZ - C4 alkyl or 
CZ - C4 alkyl C3 - C4 cycloalkyl , where each of the C , - C4 alkyl , 
C3 - C4 cycloalkyl , C3 - C4 cycloalkyl C1 - C4 alkyl or CZ - C4 55 
alkyl C3 - C4 cycloalkyl groups may be unsubstituted or 
substituted with 1 to 6 hydroxy groups ; and R8 is hydrogen or a salt , prodrug or solvate thereof , wherein : 
or CZ - C4 alkyl . In some embodiments , Ris C ( O ) N ( R $ ) R ' , R ? , R * and R are independently hydrogen , halo , nitro , 
OR ? or — NHSO R10 each R7 and R10 is independently azido , hydroxy , C7 - C1o alkyl , C1 - C10 alkoxy , halo - substi 
C1 - Cz alkyl , C3 - C4 cycloalkyl , C3 - C4 cycloalkylC . - Cz alkyl 60 tuted C1 - C10 alkoxy , C7 - C10 alkylthio , halo - substituted 
or C , - Cz alkyl C3 - C4 cycloalkyl , where each of the C , - CZ C - C10 alkylthio , carboxy , — OC ( O ) H , amino , C2 - C10 alk 
alkyl , C3 - C4 cycloalkyl , C3 - C4 cycloalkyl C1 - C2 alkyl or enyl , C2 - C10 alkynyl or Cz - C10 cycloalkyl ; 
C - Cz alkyl C3 - C4 cycloalkyl groups may be unsubstituted Rºis hydrogen , halo , cyano , nitro , azido , hydroxy , C7 - C10 
or substituted with 1 to 3 hydroxy groups ; and R8 is alkoxy , halo - substituted C - C10 alkoxy , mercapto , C7 - C10 
hydrogen . In some embodiments , R? is C ( O ) NHOR ' or 65 alkylthio , halo - substituted C - C10 alkylthio , carboxy , OC 
- NHSO , R10 where each R7 and R10 is independently ( OH , amino , C1 - C1o alkyl , Cz - C10 alkenyl , C2 - C10 alkynyl 

selected from the group consisting of 2 - hydroxyethyl , 2 , 3 - or Cz - C10 cycloalkyl ; 

po 

AR RP ? 
NN 
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( I - 1 - e ) 
R6 

Róis C ( O ) OR ? , C ( O ) NRR , C O ) N ( R $ ) OR ? , 
C ( O ) ( C3 - C10 cycloalkyl ) , C ( O ) ( CZ - C10 alkyl ) , C ( O ) 

( C6 - C14 aryl ) , or — NHSO , R ? ; 
each R ' and R8 is independently hydrogen , C7 - C10 alkyl , 

C2 - C10 alkenyl , C2 - C10 alkynyl , C3 - C10 cycloalkyl , Cz - C10 5 
cycloalkyl C , - C10 alkyl or C - C10 alkyl C3 - C10 cycloalkyl ; 

wherein each C - C10 alkyl , C2 - C10 alkenyl , C2 - C10 alky 
nyl or C3 - C10 cycloalkyl moiety may be unsubstituted or 
substituted with one or more groups independently selected 
from the group consisting of hydroxy , oxo , halo , cyano , 10 
nitro , trifluoromethyl , azido , amino , carboxy and mercapto . 

In some embodiments , the compound of the formula ( I - 1 ) 
is a compound of the formula ( I - 1 - a ) , ( I - 1 - b ) , ( 1 - 1 - c ) or 
( 1 - 1 - d ) : 

RS R3 

NN 

or a salt , prodrug or solvate thereof , wherein R1 , R3 , RS and 
Rº are as defined for the formula ( I ) , ( I - 1 ) , or any applicable 
variations thereof . In some particular embodiments of the 
compound of the formula ( I - 1 - e ) , or a salt , prodrug or 
solvate thereof , wherein R™ is selected from the group 
consisting of : ( I - 1 - a ) 

R8 
P 

20 

HO N P 
HO 

nin ?? mu 

R2 R3 , 25 

HO 

( I - 1 - b ) min mi 

30 Ez HO 

IO Mira 

HO 
R RP 

35 
NN HO HO 

( I - 1 - c ) 
nina 

con ryyy 
VIYXI 

Ž 

p 
40 NH HO HO NH 

in and OH mi ; 

R3 or us and R ' , R3 and RS are as described in Table 1 . 
NN TABLE 1 ( I - 1 - d ) 

B = 0 R R3 RSR R3 RSR R3 R5 

4 
1 

y nos voy ay 
1 

1 R R2 55 
NN 

Me 

F Br F F Br Me F Br H 
F F F Me F I H 
F SMe F F SMe Me F SMe H 

F OCF3 F F OCF ; Me F OCF3 H 
F CF3 F F CFz Me F CF3 H 

Br F C1 Br Me 01 Br H 
ci I F C D Me Me ciI H 
CISMe F CSMe Me CISMe H SMe SMe SMe 

or a salt prodrug or solvate thereof wherein R1 R2 R3 R4 CIOCF3 F C OCF3 Me CIOCF H 
RS , R ' , R7 and R8 are as defined for the formula ( I - 1 ) . 60 an C CFF C CF Me ci CF3 H 

In some embodiments , the compound is of the formula Me Br F Me Br Me Me Br H 
( I - 1 ) , ( I - 1 - a ) , ( I - 1 - b ) , ( I - 1 - c ) or ( I - 1 - d ) , or a salt , prodrug or Me I F Me I Me Me I H 
solvate thereof , wherein R ' , R ? , R3 , R4 , RS , RÓ , R7 and R8 , SMe Me SMe Me Me SMe 
where applicable , are as defined for the formula ( I ) or any Me OCF3 F Me OCF3 Me Me OCF3 H 
applicable variations thereof . 65 Me CF ; F Me CF ; Me Me CF3 H 

In some embodiments , the compound of the formula ( I - 1 ) 
is a compound of the formula ( I - 1 - e ) : 
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Also provided is a compound of the formula ( 1 - 2 ) : - continued 
( I - 2 - b ) 

- O 
( 1 - 2 ) R 

5 

AR 
10 N 

RII 
RII R ( 1 - 2 - c ) 

15 

R2 - 
ZI 

- RS 

1 2 
30 R4 

RS 

or a salt , prodrug or solvate thereof , wherein : 
R ' , R2 , R4 and R are independently hydrogen , halo , nitro , 

azido , hydroxy , C , - C10 alkyl , C , - C10 alkoxy , halo - substi 
tuted C1 - C10 alkoxy , C - C10 alkylthio , halo - substituted 
C - C10 alkylthio , carboxy , — OC ( O ) H , amino , C2 - C10 alk - 20 
enyl , C2 - C10 alkynyl or Cz - C10 cycloalkyl ; ? R3 or 
R® is hydrogen , halo , cyano , nitro , azido , hydroxy , C , - C10 

alkoxy , halo - substituted C1 - C10 alkoxy , mercapto , C1 - C10 
alkylthio , halo - substituted C , - C10 alkylthio , carboxy , OC 
( O ) H , amino , C . - C10 alkyl , C2 - C10 alkenyl , C2 - C1o alkynyl 25 ( 1 - 2 - d ) 
or Cz - C10 cycloalkyl ; 
Róis - C ( O ) OR ? , C ( O ) NRR , C ( O ) N ( R ) OR ? , 

- C ( O ) ( C3 - C10 cycloalkyl ) , C ( O ) ( C7 - C10 alkyl ) , C ( O ) R7 CNH 

( Co - C14 aryl ) , or - NHSO , R " ; 
each R7 and R8 is independently hydrogen , C . - C10 alkyl , 

C2 - C10 alkenyl , C2 - C10 alkynyl , Cz - C10 cycloalkyl , Cz - C10 
cycloalkyl C - C10 alkyl or C - C10 alkyl Cz - C10 cycloalkyl ; 
Rll is hydrogen , C . - C10 alkyl , C2 - C10 alkenyl , C2 - C10 

alkynyl , Cz - Cio cycloalkyl or C3 - C10 cycloalkyl C1 - C10 35 
alkyl ; 

wherein each C / - C10 alkyl , C2 - C10 alkenyl , C2 - C10 alky 
nyl or C3 - C10 cycloalkyl moiety may be unsubstituted or 
substituted with one or more groups independently selected or a salt , prodrug or solvate thereof , wherein R ' , R² , R " , R4 , 

40 RS , R , R , R8 and Rll are as defined for the formula ( I - 2 ) . from the group consisting of hydroxy , oxo , halo , cyano , 40 
nitro , trifluoromethyl , azido , amino , carboxy and mercapto . In some embodiments , the compound is of the formula 

In some embodiments , the compound is of the formula ( 1 - 2 ) , ( 1 - 2 - a ) , ( 1 - 2b ) , ( 1 - 2 - c ) or ( 1 - 2 - d ) , or a salt , prodrug or 
( 1 - 2 ) wherein R1 R2 R3 R4 R5 R6 and Rll are as defined solvate thereof , wherein R ' , R² , Rº , R4 , R " , Rº , R ' , Rº and 
for the formula ( 1 - 2 ) provided that if Rl is methyl or chloro . - R " , where applicable , are as defined for the formula ( I ) or 
R2 is hydrogen and R3 is iodo , then Róis — NHSO , R ? where any applicable variations thereof . 
R7 is as defined for the formula ( 1 - 2 ) , or - C ( O ) N ( R ) OR ' In some embodiments , the compound of the formula ( 1 - 2 ) 
where R ? is C , - C10 alkyl substituted with at least one is a compound of the formula ( I - 2 - e ) : 
hydroxy group . 

In some embodiments , the compound of the formula ( 1 - 2 ) 50 
is a compound of the formula ( I - 2 - a ) , ( I - 2 - b ) , ( 1 - 2 - c ) or ( I - 2 - e ) 
( 1 - 2 - d ) : 

RII 

( 1 - 2 - a ) 55 

HO 7 
N 

60 

Oy - RSR - R ? , 

or a salt , prodrug or solvate thereof , wherein R ' , Rº , R? and 
Rº are as defined for the formula ( I ) , ( I - 2 ) , or any applicable 
variations thereof . In some particular embodiments of the 
compound of the formula ( I - 2 - e ) , or a salt , prodrug or 
solvate thereof , wherein R™ is selected from the group 
consisting of : 

65 
D11 



HO . mu OH haar 5 

ma winan 

?? 

win 
HO 
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Róis C ( O ) OR ? , C ( O ) NR7R , C ( O ) N ( R $ ) OR ? , 
- C ( O ) ( C3 - C1o cycloalkyl ) , - C ( O ) ( CZ - C10 alkyl ) , - C ( O ) 
( C6 - C14 aryl ) , or — NHSO _ R " ; 

each R7 and R8 is independently hydrogen , C - C10 alkyl , 
C2 - C10 alkenyl , C2 - C10 alkynyl , Cz - C10 cycloalkyl , Cz - C10 
cycloalkyl C7 - C10 alkyl or C - C10 alkyl Cz - Clo cycloalkyl ; 
R1 is hydrogen , C . - C10 alkyl , C2 - C10 alkenyl , C2 - C10 

alkynyl , Cz - C1o cycloalkyl or Cz - C10 cycloalkyl C - C10 
10 alkyl ; 

wherein each C1 - C10 alkyl , C2 - C10 alkenyl , C2 - C10 alky 
nyl or C3 - C1o cycloalkyl moiety may be unsubstituted or 
substituted with one or more groups independently selected 
from the group consisting of hydroxy , oxo , halo , cyano , 
nitro , trifluoromethyl , azido , amino , carboxy and mercapto . 

In some embodiments , the compound is of the formula 
( 1 - 3 ) wherein R1 , R2 , R3 , R4 , RS , R and Rl1 are as defined 
for the formula ( 1 - 3 ) provided that if Rl is methyl or chloro , 

20 R2 is hydrogen and R3 is iodo , then Ris — NHSO , R ? where 
R7 is as defined for the formula ( 1 - 3 ) , or - C ( O ) N ( R ) OR ? 
where RP is C7 - C10 alkyl substituted with at least one 
hydroxy group 

25 In some embodiments , the compound of the formula ( 1 - 3 ) 
is a compound of the formula ( 1 - 3 - a ) , ( 1 - 3 - b ) , ( 1 - 3 - c ) or 

RS ( 1 - 3 - d ) : 

15 HO1 

ni wartun mi 

NH HOA NH 

mh and OH w ana ; 

and R ' , R3 and RS are as specified in Table 2 . 
TABLE 2 

R R3 R5 R1 R3 R5 R1 R3 
1 Br Br III F H 30 30 

( I - 3 - a ) SMe 
OCFz 1 

CF3 I CF3 
Br 
I R 

Br 
SMe 
OCF3 
CFz 

O 

Me Br Br 
F L Me Me F I 
FSMe Me FSMe SMe Me F SMe 

OCF3 Me OCF3 
CF3 Me F 
Br Me Cl 

Me ci 
CISMe SMe Me Cl SMe 

Me ci OCF , 
Me Cl 

Me Me Me Br 
Me Me Me 
Me SMe Me Me SMe 
Me OCFz Me 
Me Me CF3 Me 

35 
CI OCF3 
Me Br CI CF3 CF3 

Br Me SMe 
OCF3 I 1 

CF3 
Me 
Me 
Me 
Me 

H R 3 OCFZ 
CF3H 40 R2 
CF Me 

R11 Also provided is a compound of the formula ( 1 - 3 ) : 
( 1 - 3 - 6 ) 

45 45 
( 1 - 3 ) RO 

R R4 4 

R 50 

- R R3 , R 
RII 

( I - 3 - c ) RII 
55 

Po 
Á 

R ? 

R4 

or a salt , prodrug or solvate thereof , wherein : 
R ' , R² , R * and R $ are independently hydrogen , halo , nitro , 

azido , hydroxy , C7 - C10 alkyl , C7 - C10 alkoxy , halo - substi 
tuted C . - C1o alkoxy , C7 - C10 alkylthio , halo - substituted 60 
C - C10 alkylthio , carboxy , - OC ( O ) H , amino , C2 - C10 alk 
enyl , C2 - C10 alkynyl or Cz - C10 cycloalkyl ; 

R is hydrogen , halo , cyano , nitro , azido , hydroxy , C , - C10 
alkoxy , halo - substituted C - C10 alkoxy , mercapto , C7 - C10 
alkylthio , halo - substituted C - C10 alkylthio , carboxy , OC 65 
( O ) H , amino , C7 - C10 alkyl , C2 - C10 alkenyl , C2 - Clo alkynyl 
or Cz - C10 cycloalkyl ; 

2 R3 or 

RII 
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- continued 
( 1 - 3 - d ) 

0 0 

Z R7NH 

Ez N 

- RS - 10 RS R R 23 
XEN 

RII 

or a salt , prodrug or solvate thereof , where X ' , X , R1 , R² , 
or a salt , prodrug or solvate thereof , wherein R1 , R² , R " , R4 , 15 R3 , R4 , RS , R7 and R8 are as described for the formula ( I ) , 
R ' . Rº , R ' , Rº and R " are as defined for the formula ( 1 - 3 ) . or any variations thereof . It is intended and understood that 

In some embodiments , the compound is of the formula each and every variations of Xl , X , R1 , R2 , R3 , R4 , RS , R7 ( 1 - 3 ) , ( 1 - 3 - a ) , ( 1 - 3 - b ) , ( 1 - 3 - c ) or ( I - 3 - d ) , or a salt , prodrug or and R® , and each and every combinations thereof described solvate thereof , wherein R ' , R ? , Rº , R4 , R " , RÔ , R ' , R8 and 
R ! ! , where applicable , are as defined for the formula ( I ) or 20 herein for the formula ( I ) apply to the formula ( I ) as if each 
any applicable variations thereof . and every variations and combinations are individually 

In some embodiments , the compound of the formula ( I - 3 ) described . For example , in some embodiments , provided is 
is a compound of the formula ( 1 - 3 - e ) : a compound of the formula ( J ) , or a salt , prodrug or solvate 

thereof , where Xl is N or CR11 where Rll is H , X² is O or 
25 S , R ' is halo ( e . g . , fluoro or chloro ) , R2 is hydrogen , Rº is 

( I - 3 - e ) halo ( e . g . , iodo or bromo ) , R4 is hydrogen , R is fluoro , R ? 
is C - C10 alkyl substituted with at least 1 to 3 hydroxy 
groups and R is hydrogen . 

In one embodiment , the compound of the formula ( I ) is of 
30 the formula ( J - 1 ) : 

N ( J - 1 ) 
| R7 R > , 01 

or a salt , prodrug or solvate thereof , wherein R ' , R " , R and 35 
R are as defined for the formula ( I ) , ( 1 - 3 ) , or any applicable 
variations thereof . In some particular embodiments of the 
compound of the formula ( 1 - 3 - e ) , or a salt , prodrug or 
solvate thereof , wherein R™ is selected from the group 
consisting of : roup 40 3 

NSN 

HO . HO 
HO 

wa CH nu 

HO 
nina min 

?? 

wanan 
HO 

or a salt , prodrug or solvate thereof , wherein R ' , R " , R and 
45 R ’ are as defined for the formula ( I ) or formula ( I ) or any 

variations thereof . In some of these embodiments , R ' is halo 
or unsubstituted or substituted C - C10 alkyl ; R3 is halo , 
unsubstituted or substituted C7 - C10 alkyl , C7 - C10 alkoxy , 
halo - substituted C - C10 alkoxy , C7 - C10 alkylthio , halo - sub 

50 stituted C1 - C10 alkylthio , SO , R " , SON ( R ) R " , 
- N ( RR or C ( O ) OR ' ; R * is hydrogen , halo or unsub 
stituted or substituted C , - C10 alkyl ; and R ? is hydrogen , 
unsubstituted or substituted C - C10 alkyl , unsubstituted or 
substituted Cz - C10 cycloalkyl , or unsubstituted or substi 

55 tuted C3 - C10 cycloalkyl C1 - C10 alkyl . 
In some embodiments , provided is a compound of the 

formula ( J - 1 ) , or a salt , prodrug or solvate thereof , wherein 
R ' is halo ( e . g . , fluoro or chloro ) or C - Cjo alkyl ( e . g . , 
methyl ) . In some of these embodiments , R * is halo ( e . g . , 

60 iodo or bromo ) , substituted C1 - C10 alkyl ( e . g . , trifluorom 
ethyl ) , halo - substituted C - C10 alkoxy ( e . g . , trifluo 
romethoxy ) , C . - C10 alkylthio ( e . g . , methylthio ) , — SO , Rº , 
- SO , N ( R ) R " , - N ( R ) Rd or - C ( O ) ORD . In some of these 
embodiments , R3 is SO , R " where Rº is unsubstituted or 

65 substituted C , - C10 alkyl ( e . g . , SO Me ) . In some of these 
embodiments , R3 is — N ( RO ) Rd where Rº and Rd are inde 
pendently hydrogen or C , - C10 alkyl ( e . g . , NMez ) . In some of 

4 O , 
HO 

mi un 

" NH NH ?? NH 

man and OH wan ; 

and R ' , R3 and Rs are as specified in Table 2 . 
In one embodiment , provided is a compound of the 

formula ( J ) : 
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24 
these embodiments , R3 is C ( O ) OR ' where Rb is unsub or a salt , prodrug or solvate thereof , wherein R1 , R } , R® , R ? 
stituted or substituted C - C10 alkyl ( e . g . , CO Me ) . In some and R are as defined for the formula ( I ) , ( I ) or any 
of these embodiments , R is hydrogen , halo ( e . g . , fluoro ) or variations thereof . 
C - C10 alkyl ( e . g . , methyl ) . In some of these embodiments , In some embodiments , provided is a compound of the 
R ? is C , - C10 alkyl substituted with at least one hydroxy 5 formula ( J - 2 ) or ( J - 3 ) , or a salt , prodrug or solvate thereof , 
group . In some of these embodiments , R ' is C , - C10 alkyl wherein R is halo or unsubstituted or substituted C . - C10 
substituted with at least 1 to 3 hydroxy groups . In some of alkyl ; R * is halo , unsubstituted or substituted C7 - C10 alkyl , 
these embodiments , R ? is C . - C . alkyl substituted with at C7 - C10 alkoxy , halo - substituted C , - C10 alkoxy , acyloxy , 
least 1 to 3 hydroxy groups . In some of these embodiments , C - C10 alkylthio , halo - substituted C1 - C10 alkylthio , 
R ? is C , - C4 alkyl substituted with 1 or 2 hydroxy groups - SOR " , - SO , N ( R ) R " , - N ( R ) Rd or - C ( O ) OR " ; Ris 
( e . g . , 2 - hydroxyethyl , 3 - hydroxy - 2 - methylpropyl , 2 , 3 - dihy hydrogen , halo or unsubstituted or substituted C , - C10 alkyl ; 
droxypropyl and 1 , 3 - dihydroxy - 2 - propyl ) . In some of these R ' is C - C10 alkyl substituted with at least one hydroxy 
embodiments , R ' is unsubstituted or substituted C3 - C10 group ; and R is hydrogen . 
cycloalkyl C , - C10 alkyl . In some of these embodiments , R ? 15 In some embodiments , provided is a compound of the 
is unsubstituted or substituted C3 - Co cycloalkyl C . - C . alkyl . formula ( J - 2 ) or ( 1 - 3 ) , or a salt , prodrug or solvate thereof , 
In some of these embodiments , R7 is unsubstituted or wherein Rl is halo ( e . g . , fluoro or chloro ) or CZ - C10 alkyl 
substituted C3 - C4 cycloalkyl C - Cz alkyl ( e . g . , cyclopropy - ( e . g . , methyl ) . In some of these embodiments , R² is halo 
Imethyl ) . In some particular embodiments , the compound is ( e . g . , iodo or bromo ) , substituted C - C10 alkyl ( e . g . , trifluo 
of the formula ( J - 1 ) , or a salt , prodrug or solvate thereof , 20 romethyl ) , halo - substituted C1 - C10 alkoxy ( e . g . , trifluo 
wherein R is fluoro or chloro , R * is iodo or bromo , R is romethoxy ) , C , - C10 alkylthio ( e . g . , methylthio ) , — SO Rº , 
fluoro , and R ’ is selected from the group consisting of SO2N ( ROR " , - N ( R ) Rd or - C ( O ) OR " . In some of these 
cyclopropylmethyl , 2 - hydroxyethyl , 3 - hydroxy - 2 - methyl - embodiments , R3 is SOR " where Rº is unsubstituted or 
propyl , 2 , 3 - dihydroxypropyl and 1 , 3 - dihydroxy - 2 - propyl . In substituted C . - C10 alkyl ( e . g . , SO , Me ) . In some of these 
some of these embodiments , R ' is selected from the group 25 embodiments , R3 is — N ( R ) Rd where RC and Rd are inde 
consisting of 2 - hydroxyethyl , 3 - hydroxy - 2 - methylpropyl , pendently hydrogen or C , - C10 alkyl ( e . g . , NMe ) . In some of 
2 , 3 - dihydroxypropyl and 1 , 3 - dihydroxy - 2 - propyl . In some these embodiments , R3 is C ( O ) OR where Rb is unsub 
of these embodiments , R7 is selected from the group con stituted or substituted C , - C10 alkyl ( e . g . , CO Me ) . In some 
sisting of 2 - hydroxyethyl , ( R ) - 3 - hydroxy - 2 - methylpropyl , of these embodiments , R is hydrogen , halo ( e . g . , fluoro ) or 
( S ) - 3 - hydroxy - 2 - methylpropyl , ( R ) - 2 , 3 - dihydroxypropyl , 30 C7 - C , alkyl ( e . g . , methyl ) . In some of these embodiments , ( S ) - 2 , 3 - dihydroxypropyl and 1 , 3 - dihydroxy - 2 - propyl . R is C - C10 alkyl substituted with at least 1 to 3 hydroxy In one embodiment , the compound of the formula ( J ) is of groups . In some of these embodiments , R ' is CZ - C6 alkyl 
the formula ( J - 2 ) : substituted with at least 1 to 3 hydroxy groups . In some of 

these embodiments , R ' is C - C4 alkyl substituted with 1 or 
2 hydroxy groups ( e . g . , 2 - hydroxyethyl , 3 - hydroxy - 2 - meth ( J - 2 ) ylpropyl , 2 , 3 - dihydroxypropyl and 1 , 3 - dihydroxy - 2 - pro 
pyl ) . In some particular embodiments , the compound is of 
the formula ( J - 2 ) or ( J - 3 ) , or a salt , prodrug or solvate 

40 thereof , wherein R is fluoro or chloro , R is iodo or bromo , 
R > is fluoro , and R7 is selected from the group consisting of 
2 - hydroxyethyl , 3 - hydroxy - 2 - methylpropyl , 2 , 3 - dihy 
droxypropyl and 1 , 3 - dihydroxy - 2 - propyl . 

In one embodiment , the compound of the formula ( J ) is of 
45 the formula ( J - 4 ) : 

35 

R ? 
TY 

R 

RI 

( J - 4 ) 
HO . HO 

or a salt , prodrug or solvate thereof , wherein R ' , R3 , RS , R ? 
and R1 are as defined for the formula ( J ) , ( I ) or any 
variations thereof . 

In one embodiment , the compound of the formula ( J ) is of 
the formula ( J - 3 ) : 

( J - 3 ) 55 
R 7 XIN 

R5 

or a salt , prodrug or solvate thereof , wherein X1 , X2 , R1 and 
60 Rºare as defined for the formula ( J ) or ( I ) , or any variations 

thereof . In one variation , X ! is N and X2 is S . In another 
variation , Xl is CH and X2 is O . In yet another variation , X1 
is CH and X² is S . In some of these variations , Rl is fluoro 
and R * is iodo . In some of these variations , R ' is chloro and 

65 R3 is bromo . 
In another embodiment , the compound is of the formula 

( K ) 
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26 
or a salt , prodrug or solvate thereof , wherein R ' , R3 , R , R10 

( K ) and Rll are as defined for the formula ( K ) , ( I ) or any 
variations thereof . 

In one embodiment , the compound of the formula ( K ) is 
5 of the formula ( K - 3 ) : R 10 NH 

4 IZ 

( K - 3 ) 
O 

SR Ps 10 
RIO - NH XEN 

w 

RII 

RIO - $ 

or a salt , prodrug or solvate thereof , where X ' , XP , RP , RP , 
R® , R4 , R $ and Riº are as described for the formula ( I ) , or 15 
any variations thereof . It is intended and understood that 
each and every variations of X1 , X² , R ' , R2 , R3 , R4 , RS and 
R1° , and each and every combinations thereof described 
herein for the formula ( I ) apply to the formula ( K ) as if each 
and every variations and combinations are individually 30 
described . For example , in some embodiments , provided is 
a compound of the formula ( K ) , or a salt , prodrug or solvate or a salt , prodrug or solvate thereof , wherein R ' , R , R ' , R " 
thereof , where Xl is N or CR11 where RM is H , X2 is O or and R " are as defined for the formula ( K ) , ( 1 ) or any 
S , Rl is halo ( e . g . , fluoro or chloro ) , R2 is hydrogen , R3 is variations thereof . 
halo ( e . g . , iodo or bromo ) , R4 is hydrogen , Rºis fluoro , and In some embodiments , provided is a compound of the 
R1° is C , C10 alkyl , C2 - C10 alkenyl , C2 - C10 alkynyl , Cz - C10 25 formula ( K - 1 ) , ( K - 2 ) or ( K - 3 ) , or a salt , prodrug or solvate 
cycloalkyl , C3 - C10 cycloalkyl C7 - C10 alkyl or C1 - C10 alkyl thereof , wherein Rl is halo or unsubstituted or substituted Cz - C10 cycloalkyl . In one variation , Xl is N and X² is S . În 
another variation , X2 is S and Xi is CR11 where Rll is C1 - C10 alkyl ; Rº is halo , unsubstituted or substituted C1 - C10 
hydrogen , C . - C . , alkyl , C . - C . alkenyl , C . - C . alkynyl , alkyl , C1 - C10 alkoxy , halo - substituted C1 - C10 alkoxy , acy 
Cz - C , . cycloalkyl or Cz - C , cycloalkyl C , - C alkyl . In 30 loxy , C1 - C10 alkylthio , halo - substituted C - C10 alkylthio , 
another variation , X2 is O and X1 is CR11 where R is SO , Rº , - SON ( R ) R " , - N ( R ) Rd or - C ( O ) OR " ; RS is 
hydrogen , C7 - C10 alkyl , C2 - C10 alkenyl , C2 - C10 alkynyl , hydrogen , halo or unsubstituted or substituted C . - C10 alkyl ; 
Cz - C10 cycloalkyl or C3 - C10 cycloalkyl C , - C10 alkyl . R10 is unsubstituted or substituted C7 - C10 alkyl , unsubsti 

In one embodiment , the compound of the formula ( K ) is tuted or substituted C3 - C1o cycloalkyl or unsubstituted or of the formula ( K - 1 ) : 35 substituted C - C10 alkyl C3 - C1o cycloalkyl ; and R " is 
( K - 1 ) hydrogen where present . In some of these embodiments , R ! 

is halo ( e . g . , fluoro or chloro ) . In some of these embodi 
ments , R * is halo ( e . g . , iodo or bromo ) . In some of these 

R10 ANH embodiments , R * is SO , R " where Rº is unsubstituted or 
40 substituted C . - C , , alkyl ( e . g . , SO , Me ) . In some of these 

embodiments , R² is — N ( R ) Rd where R? and Rd are inde 
pendently hydrogen or C - C10 alkyl ( e . g . , NMez ) . In some of 
these embodiments , R3 is C ( O ) OR where R is unsub 
stituted or substituted C - C10 alkyl ( e . g . , CO Me ) . In some 
of these embodiments , R² is SO Me or CO2Me . In some of 
these embodiments , R is hydrogen , halo ( e . g . , fluoro ) or 

or a salt , prodrug or solvate thereof , wherein R ' , R , R and C - C10 alkyl ( e . g . , methyl ) . In one particular embodiment , 
R1° are as defined for the formula ( K ) , ( I ) or any variations R $ is fluoro . In some of these embodiments , R10 is C - C10 
thereof . 50 alkyl , C3 - C10 cycloalkyl , or C - C10 alkyl C3 - C1o cycloalkyl In one embodiment , the compound of the formula ( K ) is substituted with at least one hydroxy group . In some of these 
of the formula ( K - 2 ) : embodiments , Riº is C - C10 alkyl C3 - C10 cycloalkyl substi 

tuted with 1 or 2 hydroxy groups ( e . g . , 1 - ( 2 , 3 - dihydroxy 
propyl ) cyclopropyl ) . 

( K - 2 ) In some embodiments , provided is a compound of the 
formula ( K - 1 ) , ( K - 2 ) or ( K - 3 ) , or a salt , prodrug or solvate 

R10?H thereof , wherein Rl is fluoro or chloro , R * is iodo or bromo , 
R is fluoro , Rº is selected from the group consisting of 
cyclopropyl and 1 - ( 2 , 3 - dihydroxypropyl ) cyclopropyl , and 

60 R™ is hydrogen where present . In some of these embodi 
ments , R ' is fluoro R3 is iodo , RS is fluoro , R10 is 1 - ( 2 , 3 
dihydroxypropyl ) cyclopropyl and R is absent for a com 
pound of the formula ( K - 1 ) or is hydrogen for a compound 
of the formula ( K - 2 ) or ( K - 3 ) . 

65 Representative examples of compounds detailed herein , 
including intermediates and final compounds according to 
the invention are depicted in the Tables and Examples 

R3 
45 

NN 

w 



US 9 , 937 , 158 B2 
28 

herein . It is understood that in one aspect , any of the Representative compounds of the invention are shown in 
compounds may be used in the methods detailed herein , Table 3 . In some embodiments , the invention provides a 
including , where applicable , intermediate compounds that compound of Table 3 , in its free base form or as pharma 
may be isolated and administered to an individual . ceutically acceptable salts , or a stereoisomer thereof 

TABLE 3 

Exemplary compounds 

Compound 
No . Structure Compound Name 

4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N 
( 2 - hydroxyethoxy ) benzo [ d ] oxazole - 6 
carboxamide F 

ZI 

2 N N - ( 2 , 3 - dihydroxypropoxy ) - 4 - fluoro - 5 - ( ( 2 
fluoro - 4 - iodophenyl ) amino ) benzo [ d ] oxazole 
6 - carboxamide ?? " F 

OH ZI 

3 HO 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - 4 - fluoro 
N - ( 2 - hydroxyethoxy ) benzo [ d ] oxazole - 6 
carboxamide 

V Br 

5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - N ( 2 , 3 
dihydroxypropoxy ) - 4 - fluorobenzo [ d ] oxazole 
6 - carboxamide HO 

?? 

nj Br 

s = 0 

N - ( 4 - fluoro - 5 - ( ( 2 - fluoro - 4 
iodophenyl ) amino ) benzo [ d ] oxazol - 6 
yl ) cyclopropanesulfonamide 

O = F y N 

V 

N 
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TABLE 3 - continued 
Exemplary compounds 

Compound 
No . Structure Compound Name 

?? HOOH OH 
N - ( 4 - fluoro - 5 - ( ( 2 - fluoro - 4 
iodophenyl ) amino ) benzo [ d ] oxazol - 6 - yl ) - 1 
( 2 , 3 - dihydroxypropyl ) cyclopropane - 1 
sulfonamide 

0 

0 = 

O = NH F 

F 

N 

7 
O 

N - ( 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - 4 
fluorobenzo [ d ] oxazol - 6 
yl ) cyclopropanesulfonamide 

NH 
O = 

8 HO 
LOH 

N - ( 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - 4 
fluorobenzo [ d ] oxazol - 6 - yl ) - 1 - ( 2 , 3 
dihydroxypropyl ) cyclopropane - 1 - sulfonamide 

b = ' = O 
NH 

Br 

?? . 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N 
( 2 - hydroxyethoxy ) benzo [ d ] thiazole - 6 
carboxamide 

N - ( 2 , 3 - dihydroxypropoxy ) - 4 - fluoro - 5 - ( ( 2 
fluoro - 4 - iodophenyl ) amino ) benzo [ d ] thiazole 
6 - carboxamide HO F 

OH 
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TABLE 3 - continued 

Exemplary compounds 

Compound 
No . Structure Compound Name 

11 11 HO . 5 - ( 4 - bromo - 2 - chlorophenyl ) amino ) - 4 - fluoro 
N - ( 2 - hydroxyethoxy ) benzo [ d ] thiazole - 6 
carboxamide 

Br 

12 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - N - ( 2 , 3 
dihydroxypropoxy ) - 4 - fluorobenzo [ d ] thiazole 
6 - carboxamide HO image OH 

N 

13 N - ( 4 - fluoro - 5 - ( ( 2 - fluoro - 4 
iodophenyl ) amino ) benzo [ d ] thiazol - 6 
yl ) cyclopropanesulfonamide section ?? oss 

14 14 HO HO 
OH 

1 - ( 2 , 3 - dihydroxypropyl ) - N - ( 4 - fluoro - 5 - ( ( 2 
fluoro - 4 - iodophenyl ) amino ) benzo [ d ] thiazol - 6 
yl ) cyclopropane - 1 - sulfonamide 

O = h = 0 
F 

N 

15 N - ( 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino - 4 
fluorobenzo [ d ] thiazol - 6 
yl ) cyclopropanesulfonamide OOO NH 

Br 

BN 
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TABLE 3 - continued 

Exemplary compounds 

Compound 
No . Structure Compound Name 

16 HO 

OH 
N - ( 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - 4 
fluorobenzo [ d ] thiazol - 6 - yl ) - 1 - ( 2 , 3 
dihydroxypropyl ) cyclopropane - 1 - sulfonamide 

= o 

o = NH 

Br 

17 17 
HO HOA 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N 

( 2 - hydroxyethoxy ) benzo [ d ] [ 1 , 2 , 3 ] thiadiazole 
6 - carboxamide 

NN 

18 

HO HO Y 

N - ( 2 , 3 - dihydroxypropoxy ) - 4 - fluoro - 5 - ( ( 2 
fluoro - 4 
iodophenyl ) amino ) benzo [ d ] [ 1 , 2 , 3 ] thiadiazole 
6 - carboxamide Z? OH 

NN 

19 HO 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - 4 - fluoro 
N - ( 2 
hydroxyethoxy ) benzo [ d ] [ 1 , 2 , 3 ] thiadiazole - 6 
carboxamide IZ 

Br 

NN 

20 

HO 

5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - N - ( 2 , 3 
dihydroxypropoxy ) - 4 
fluorobenzo [ d ] [ 1 , 2 , 3 ] thiadiazole - 6 
carboxamide 

OH 

Br 

NN 
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TABLE 3 - continued 
Exemplary compounds 

Compound 
No . Structure Compound Name 
21 N - ( 4 - fluoro - 5 - ( ( 2 - fluoro - 4 

iodophenyl ) amino ) benzo [ d ] [ 1 , 2 , 3 ] thiadiazol 
6 - yl ) cyclopropanesulfonamide 

NH 1 ) 1 

IZ 

NN 

22 22 HO ?? 
?? 

1 - ( 2 , 3 - dihydroxypropyl ) - N - ( 4 - fluoro - 5 - ( ( 2 
fluoro - 4 
iodophenyl ) amino ) benzo [ d ] [ 1 , 2 , 3 ] thiadiazol 
6 - yl ) cyclopropane - 1 - sulfonamide 

h = 0 

O = F 

F 

NN 

23 

O = 
N - ( 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - 4 
fluorobenzo [ d ] [ 1 , 2 , 3 ] thiadiazol - 6 
yl ) cyclopropanesulfonamide 

p = 0 

Br 

NN 

24 HO OH 
N - ( 5 ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - 4 
fluorobenzo [ d ] [ 1 , 2 , 3 ] thiadiazol - 6 - yl ) - 1 - ( 2 , 3 
dihydroxypropyl ) cyclopropane - 1 - sulfonamide 

?? 

Br 

NN 

25 HO 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - bromophenyl ) amino ) 
N - ( 2 - hydroxyethoxy ) benzo [ d ] oxazole - 6 
carboxamide 

Br 

VN 
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TABLE 3 - continued 
Exemplary compounds 

Compound 
No . Structure Compound Name 
26 26 HO 4 - fluoro - 5 - ( ( 2 - fluoro - 4 

trifluoromethylphenyl ) amino ) - N - ( 2 
hydroxyethoxy ) benzo [ d ] oxazole - 6 
carboxamide 

27 27 HOS my 2 F 
4 - fluoro - 5 - ( ( 2 - fluoro - 4 
methylthiophenyl ) amino ) - N - ( 2 
hydroxyethoxy ) benzo [ d ] oxazole - 6 
carboxamide N 

F SMe 

28 HO 5 - ( ( 4 - trifluoromethoxy - 2 
chlorophenyl ) amino ) - 4 - fluoro - N - ( 2 
hydroxyethoxy ) benzo [ d ] oxazole - 6 
carboxamide = - OCF3 

N 

29 29 HO HO 5 ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N - ( 1 , 3 
dihydroxy - isopropoxy ) - 4 
fluorobenzo [ d ] oxazole - 6 - carboxamide 

HO . 
F 

N 

30 30 HO . HO 5 - ( ( 4 - bromo - 2 - fluorophenyl ) amino ) - N - ( 1 , 3 
dihydroxy - isopropoxy ) - 4 
fluorobenzo [ d ] oxazole - 6 - carboxamide 

HO 

Br 

31 31 HO . HO iz 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - N - ( 1 , 3 
dihydroxy - isopropoxy ) - 4 
fluorobenzo [ d ] oxazole - 6 - carboxamide 

Br 

UN 
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TABLE 3 - continued 
Exemplary compounds 

Compound 
No . Structure Compound Name 

32 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N 
cyclopropylmethyl - benzo [ d ] oxazole - 6 
carboxamide F 

F 

N 

33 4 - fluoro - 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) 
N - cyclopropylmethyl - benzo [ d ] oxazole - 6 
carboxamide 

N 

T ] Br 

N 

34 HO . 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - bromophenyl ) amino ) 
N - ( 2 - hydroxyethoxy ) benzo [ d ] thiazol - 6 
carboxamide F 

Br 

35 
HO . 

F 
4 - fluoro - 5 - ( ( 2 - fluoro - 4 
trifluoromethylphenyl ) amino ) - N - ( 2 
hydroxyethoxy ) benzo [ d ] thiazol - 6 
carboxamide 

F CF3 

EN 

36 36 HO . HO 
F 

4 - fluoro - 5 - ( ( 2 - fluoro - 4 
methylthiophenyl ) amino ) - N - ( 2 
hydroxyethoxy ) benzo [ d ] thiazol - 6 
carboxamide 

SMe 

EN 

37 37 HO HOS 5 - ( 4 - trifluoromethoxy - 2 
chlorophenyl ) amino ) - 4 - fluoro - N - ( 2 
hydroxyethoxy ) benzo [ d ] thiazol - 6 
carboxamide 

OCF3 
KN 
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TABLE 3 - continued 

Exemplary compounds 

Compound 
No . Structure Compound Name 

HO 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N - ( 1 , 3 
dihydroxy - isopropoxy ) - 4 
fluorobenzo [ d ] thiazol - 6 - carboxamide 

HO 

39 . HO 5 - ( ( 4 - bromo - 2 - fluorophenyl ) amino ) - N - ( 1 , 3 
dihydroxy - isopropoxy ) - 4 
fluorobenzo [ d ] thiazol - 6 - carboxamide 

HO 

ZE 

Br 

N 

40 HO . 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino - N - ( 1 , 3 
dihydroxy - isopropoxy ) - 4 
fluorobenzo [ d ] thiazol - 6 - carboxamide 

HO 

Br 

4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N 
cyclopropylmethyl - benzo [ d ] thiazol - 6 
carboxamide F 

F 

LN 

42 4 - fluoro - 5 - ( [ 4 - bromo - 2 - chlorophenyl ) amino ) 
N - cyclopropylmethyl - benzo [ d ] thiazol - 6 
carboxamide 

N 

Br 

EN 
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TABLE 3 - continued 
Exemplary compounds 

Compound 
No . Structure Compound Name 
43 

F 

5 - ( ( 4 - bromo - 2 - fluorophenyl ) amino ) - 4 - fluoro 
N - ( 2 
hydroxyethoxy ) benzo [ d ] [ 1 , 2 , 3 ] thiadiazole - 6 
carboxamide 

Z 

Br 

NN 

44 44 HO HO 4 - fluoro - 5 - ( ( 2 - fluoro - 4 
trifluoromethylphenyl ) amino ) - N - ( 2 
hydroxyethoxy ) benzo [ d ] [ 1 , 2 , 3 ] thiadiazol - 6 
carboxamide N 

NN 

45 45 HO HO ^ F 
4 - fluoro - 5 - ( ( 2 - fluoro - 4 
methylthiophenyl ) amino - N - ( 2 
hydroxyethoxy ) benzo [ d ] [ 1 , 2 , 3 ] thiadiazol - 6 
carboxamide 

SMe 

NN 

46 46 HO . HO de 5 - ( ( 4 - trifluoromethoxy - 2 chlorophenyl ) amino ) - 4 - fluoro - N - ( 2 
hydroxyethoxy ) benzo [ d ] [ 1 , 2 , 3 ] thiadiazol - 6 
carboxamide 

OCF3 

NN 

47 47 HO HO . 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino - N - ( 1 , 3 
dihydroxy - isopropoxy ) - 4 
fluorobenzo [ d ] [ 1 , 2 , 3 ] thiadiazol - 6 - carboxamide 

HO 

NN 

48 ?? . 5 - ( ( 4 - bromo - 2 - fluorophenyl ) amino ) - N - ( 1 , 3 
dihydroxy - isopropoxy ) - 4 
fluorobenzo [ d ] [ 1 , 2 , 3 ] thiadiazol - 6 - carboxamide 

F 

F Br 

NN 
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TABLE 3 - continued 
Exemplary compounds 

Compound 
No . Structure Compound Name 

HO . 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - N - ( 1 , 3 
dihydroxy - isopropoxy ) - 4 
fluorobenzo [ d ] [ 1 , 2 , 3 ] thiadiazol - 6 - carboxamide 

HO 

Br 

NN 

50 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N 
cyclopropylmethyl - benzo [ d ] [ 1 , 2 , 3 ] thiadiazol 
6 - carboxamide F 

NN 

51 4 - fluoro - 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) 
N - cyclopropylmethyl 
benzo [ d ] [ 1 , 2 , 3 ] thiadiazol - 6 - carboxamide 

F Br 

NN 

Compounds detailed herein may be present as salts even the present invention . Stereoisomers may be separated by 
if salts are not depicted and it is understood that the methods known in the art . Compositions comprising com 
invention embraces all salts and solvates ( e . g . , hydrate ) of pounds detailed herein where stereoisomers may exist may 
the compounds depicted here , as well as the non - salt and contain one pure stereomer or more than one stereoisomer 
non - solvate form of the compound , as is well understood by where the stereoisomers are present in equal amounts or 
the skilled artisan . In some embodiments , the salts of the 45 where some of the stereoisomers are enriched relative to the 
compounds of the invention are pharmaceutically acceptable others . 
salts . The present invention includes within its scope prodrugs 

It should be understood that a reference to a pharmaceu - of the compound , such as the compound of the formula ( I ) , 
tically acceptable salt includes the solvent addition forms or ( I ) , ( K ) , ( A - I ) or any variations thereof . In general , such 
crystal forms thereof , particularly solvates or polymorphs . 50 prodrugs are functional derivatives of the compound , such 
Solvates contain either stoichiometric or non - stoichiometric as functional derivatives of the compound of the formula 
amounts of a solvent , and are often formed during the ( T ) , ( I ) , ( K ) , ( A - I ) or any variations thereof , which are 
process of crystallization . Hydrates are formed when the readily convertible in vivo into the required compound of 
solvent is water , or alcoholates are formed when the solvent the formula ( I ) , ( J ) , ( K ) , ( A - I ) or any variations thereof . 
is alcohol . Polymorphs include the different crystal packing 55 Conventional procedures for the selection and preparation of 
arrangements of the same elemental composition of a com - suitable prodrug derivatives are described , for example , in 
pound . Polymorphs usually have different X - ray diffraction “ Prodrugs : Challenges and Rewards ” , ed . V . J . Stella et al , 
patterns , infrared spectra , melting points , density , hardness , Springer , 2007 . A prodrug may be a pharmacologically 
crystal shape , optical and electrical properties , stability , and inactive derivative of a biologically active substance ( the 
solubility . Various factors such as the recrystallization sol - 60 " parent drug ” or “ parent molecule " ) that requires transfor 
vent , rate of crystallization , and storage temperature may mation within the body in order to release the active drug , 
cause a single crystal form to dominate . and that has improved delivery properties over the parent 

The compounds depicted herein may have more than one drug molecule . The transformation in vivo may be , for 
stereoisomer , and occur as racemates , racemic mixtures example , as the result of some metabolic process , such as 
where one enantiomer may be enriched , individual diaste - 65 chemical or enzymatic hydrolysis of a carboxy lie , phos 
reomers , and mixtures of stereoisomers . All stereoisomers , phoric or sulfuric ester , or reduction or oxidation of a 
including enantiomers and diastereomers are embraced by susceptible functionality . In some embodiments , a prodrug 
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for a compound containing a hydroxy group may be an ester substituted with 1 to 3 methoxy groups , C . - C , alkyl or 
formed with an appropriate acid , such as lactic acid , citric SiRIÓR17R18 where R16 , R17 and R18 are independently 
acid , ascorbic acid , and the like . selected from C7 - C10 alkyl and Co - C14 aryl . 

A compound as detailed herein may in one aspect be in a 
purified form and compositions comprising a compound in 
purified forms are detailed herein . Compositions comprising 
a compound as detailed herein or a salt thereof are provided , 
such as compositions of substantially pure compounds . In 
some embodiments , a composition containing a compound 10 
as detailed herein or a salt thereof is in substantially pure CO2 

form . Unless otherwise stated , “ substantially pure ” intends a 
composition that contains no more than 30 % impurity , 
wherein the impurity denotes a compound other than the 15 20 H NA compound comprising the majority of the composition or a 
salt thereof . In some embodiments , a composition of sub 
stantially pure compound or a salt thereof is provided 
wherein the composition contains no more than about 30 % , 20 base 
about 25 % , about 20 % , about 15 % , about 10 % , about 5 % , 
about 3 % or about 1 % impurity . 

In one aspect , provided are kits comprising a compound HO 20 
detailed herein , or a salt , prodrug or solvate thereof , and 25 
suitable packaging . In one embodiment , a kit further com 
prises instructions for use . In one aspect , a kit comprises a R 14Br or 
compound detailed herein , such as a compound of the R 140H 
formula ( I ) , ( J ) , ( K ) , ( A - I ) or any variations thereof , or a salt , 
prodrug or solvate thereof , and instructions for use of the 30 Br 

compounds in the treatment or prevention of a disease or 
condition which can be ameliorated by inhibition of MEK in 
an individual in need thereof . R140 

Articles of manufacture comprising a compound detailed 
herein , or a salt , prodrug or solvate thereof in a suitable 35 
container are provided . The container may be a vial , jar , R15 — SH 
ampoule and the like . Pd2 ( dba ) 3 Synthetic Methods 

The compounds of the invention may be prepared by a 
number of processes as generally described below and more 40 
specifically in the Examples hereinafter . In the following 
process descriptions , the symbols when used in the formulae 
depicted are to be understood to represent those groups 
described above in relation to the formulae herein . 
Common organic solvents can be used in the following 45 

synthesis schemes . Typical solvents include , but not limited 
to , aliphatic and aromatic hydrocarbon ( such as pentane , R ? hexane , heptane , cyclohexane , petroleum ether , petrol , ben 
zine , benzene , toluene , xylene ) , aliphatic and aromatic halo 
hydrocarbon ( such as dichloromethane , 1 , 2 - dichloroethane , 50 R140 
chloroform , phenixin , chlorobenzene , o - dichlorobenzene ) , 
alcohols ( such as methanol , ethanol , propan - 1 - ol , isopropa 
nol , t - butanol , ethane - 1 , 2 - diol ) , ether ( such as diethyl ether , 
dibutyl ether , glycol dimethyl ether , 2 - methoxyethyl ether , 
tetrahydrofuran , dioxane ) , ketone ( such as acetone , methyl 55 
ethyl ketone , methyl isopropyl ketone , methyl isobutyl 
ketone ) , ester ( such as ethyl acetate , methyl acetate ) , nitrile 
( such as acetonitrile , propiononitrile ) , amide ( such as N , N R140 dimethylformamide , N , N - dimethylacetamide and N - meth 
ylpyrrolidin - 2 - one ) , DMSO , sulfolane , HMPA , DMPU and 60 
so on . 
General Synthesis of Compounds of Formula ( 1 ) 

The compound of the formula ( I ) where Xl is N , X2 is S , 
Ró is C ( O ) NHOR ? , and R3 is halo can be synthesized 
according to Scheme 1 , wherein R1 , R² , R4 , R and R ’ are 65 
as defined for the formula ( I ) , ( I ) or any variations thereof ; 
and each R14 and Ris is independently allyl , benzyl , benzyl 

Br 

R140 

NaN3 

RIS 
R5 

R4 R4 
Pd / H2 

RIS 
s ? S Y R 

Nz 

R15 

NH2 
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- continued - continued 
R140 20 

R4 
di 

Br 

NN 

R1400 

R4 N 

R5 23 R2 - L 

NN 

HO 20 

N R4 

Ro — NH , 

RS 
R 

NN 

20 F RON 

honda 
mont 
cond 
H 

: 

R4 

Y F R R3 
NH2 NN 

F The steps in Scheme 1 are illustrated further by an 
exemplary synthesis of 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) 
amino ) - N - ( 2 - hydroxy ethoxy ) benzo [ d ] [ 1 , 2 , 3 ] thiadiazole - 6 
carboxamide , according to the reactions outlined in Scheme 45 
1 . 1 . 

NN Scheme 1 . 1 
50 

HO 20 
Br 

T ] 

55 

F Bi > Y 
H NSN 

HO 20 HO 20 
F 

- 60 

Br 
65 

- 

L NN 
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- continued Step 1 . 1 . 3 Step 1 . 1 . 3 ww F HO 20 
F 5 

Br NN 10 

N 17 HO . 
F 
- 

F 
IZ N 

15 

Br Br Y 
NN 

20 

Step 1 . 1 . 1 

HO 20 
Br 

5 - Bromo - 3 , 4 - difluoro - 2 - ( ( 2 - fluorophenyl ) amino ) benzoic 
acid can be reacted with MeOH in the presence of Soci , in 
appropriate solvent . The reaction normally completes within 
several hours ( 3 - 12 h , prefer 5 - 10 h ) . Methyl 5 - bromo - 3 , 4 

25 difluoro - 2 - ( 2 - fluorophenyl ) amino ) benzoate is obtained 
after conventional workup . 

Typical solvents are as defined above and prefer methanol 
and ethanol . 
Step 1 . 1 . 4 

ID II ] 
I 

30 

F 

Br Br Y 

To a solution of 2 , 3 , 4 - trifluorobromobenzene in appropri 
ate solvent is added strong base ( such as LDA , nBuli , 
LiHDMS ) under nitrogen atmosphere . The reaction is gen 
erally carried out at low temperature ( - 50 - - 80° C . , prefer 
- 78° C . ) . The reaction is kept stirring for some time ( 0 . 5 - 12 
h , preferably select 0 . 5 - 2 h ) and is added dry ice . The 
resulting mixture is kept stirring for some time ( 3 - 12 h , a 
prefer 5 - 10 h ) and 5 - bromo - 2 , 3 , 4 - trifluorobenzoic acid is 
obtained after conventional workup . 

Typical solvents are as defined above and prefer anhy 
drous THF , ethyl ether and dioxane ) . 
Step 1 . 1 . 2 45 

F 

F 

45 

F HO . 0 HO . O 
F 

Br Br ALL F 

50 To a solution of methyl 5 - bromo - 3 , 4 - difluoro - 2 - ( ( 2 - fluo 
rophenyl ) amino ) benzoate in appropriate solvent is added 
base under nitrogen atmosphere , followed by Pd catalyst , 
phosphine ligand and phenylmethanethiol . The reaction is 
generally carried out at high temperature ( 80 - 130° C . , prefer 
90 - 110° C . ) and normally complete within several hours 
( 8 - 24 h , prefer 12 - 18 h ) . Methyl 5 - ( benzylthio ) - 3 , 4 - difluoro 

5 - Bromo - 2 , 3 , 4 - trifluorobenzoic acid can be reacted with 2 - ( ( 2 - fluorophenyl ) amino ) benzoate is obtained after con 
halogenated aniline ( such as o - fluoroaniline , o - chloroani ventional workup . 
line , o - bromoaniline , o - iodoaniline ) under strong basic con Typical bases include , but are not limited to , aliphatic and 
dition ( such as LDA , n - BuLi , LiHDMS ) in appropriate 60 aromatic amine ( such as , but not limited to , N - ethyl - N 
solvent . The reaction is generally carried out at low tem - isopropylpropan - 2 - amine , triethylamine , diethylamine , 
perature ( - 50 - - 80° C . , prefer - 78° C . ) and normally com - DBU , t - butylamine , cyclopropanamine , dibutylamine , diiso 
pletes within several hours ( 3 - 12 h , prefer 5 - 10 h ) . 5 - Bromo propylamine , 1 , 2 - dimethylpropanamine ) , inorganic base 
3 , 4 - difluoro - 2 - ( ( 2 - fluorophenyl ) amino ) benzoic acid is ( such as Na2CO3 , K2CO3 , NaHCO3 , KHCO3 , Bu?Na , 
obtained after conventional workup . 65 ' BuOK ) and prefer N - ethyl - N - isopropylpropan - 2 - amine . 

Typical solvents are as defined above and prefer anhy - Typical Pd catalysts include , but are not limited to , 
drous THF , ethyl ether and dioxane ) . tris ( dibenzylideneacetone ) dipalladium , bis ( dibenzylide 
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54 
neacetone ) palladium , bis ( triphenylphosphine ) palladium ( II ) solvent . The reaction normally completes within several 
chloride , palladium diacetate , tetrakis ( triphenylphosphine ) hours ( 1 - 12 h , prefer 3 - 10 h ) . Methyl 4 - amino - 5 - ( benzyl 
palladium , bis ( triphenylphosphinepalladium ) acetate and thio ) - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) amino ) benzoate is 
preferably select tris ( dibenzylideneacetone ) dipaliadium . obtained after conventional workup . 

Typical phosphine ligands include , but are not limited to , 5 Typical solvents are as defined above and prefer metha 
dimethylbisdiphenylphosphinoxanthene , tri - tert - butylphos nol , ethanol , propan - 1 - ol and water . 
phine , tri - p - tolylphosphine , tris ( 4 - chlorophenyl ) phosphine , Step 1 . 1 . 7 
triisopropylphosphine , tris ( 2 , 6 - dimethoxyphenyl ) phos 
phine , 1 , 1 ' - bis ( diphenylphosphino ) ferrocene and preferably 
select dimethylbisdiphenylphosphinoxanthene . 

Typical solvents are as defined above and prefer dioxane . 
Step 1 . 1 . 5 

10 F 

F 
NH2 

F 
? 

F 

F 
? NN 

Methyl 4 - fluoro - 5 - ( 2 - fluorophenyl ) amino ) benzo [ d ] [ 1 , 2 , 
3 ] thiadiazole - 6 - carboxylate can be readily prepared by cycl 
ization of methyl 4 - amino - 5 - ( benzylthio ) - 3 - fluoro - 2 - ( ( 2 
fluorophenyl ) amino ) benzoate in the presence of inorganic 
acid and alkali nitrite in the appropriate solvent . 

Said inorganic acids include , but are not limited to , 
Methyl 5 - ( benzylthio ) - 3 , 4 - difluoro - 2 - ( ( 2 - fluorophenyl ) hydrochloric acid , sulfuric acid , nitric acid and phosphoric 

amino ) benzoate can be reacted with azide ( such as NaN3 , oc acid . 
KN3 ) in appropriate solvent . The reaction is generally car - > Said alkali nitrite includes , but is not limited to , sodium 
ried out at high temperature ( 60 - 120° C . , prefer 80 - 100° C . ) nitrite , potassium nitrite and cesium nitrite . 
and normally completes within several hours ( 1 - 12 h , prefer Typical solvents are as defined above and prefer organic 
3 - 10 h ) . Methyl 4 - azido - 5 - ( benzylthio ) - 3 - fluoro - 2 - ( ( 2 - fluo - acid such as , but not limited to acetic acid and formic acid . 
rophenyl ) amino ) benzoate is obtained after conventional Step 1 . 1 . 8 
workup . 

Typical solvents are as defined above and prefer N , N 
dimethylformamide and N , N dimethylacetamide . 
Step 1 . 1 . 6 

40 

I 

45 

F 

N = N 50 
F 

F 

55 
F 

on todos 
Lootos ZI NN 

Y F 60 Methyl 4 - fluoro - 5 - ( ( 2 - fluorophenyl ) amino ) benzo [ d ] [ 1 , 2 , 
3 ] thiadiazole - 6 - carboxylate can be reacted with halogena 

NH2 tions reagent ( such as NIS ) in the presence of acid at ambient 
temperature in appropriate solvent . The reaction normally 
completes within several hours ( 1 - 12 h , prefer 3 - 10 h ) . 

Methyl 4 - azido - 5 - ( benzylthio ) - 3 - fluoro - 2 - ( ( 2 - fluorophe - 65 Methyl 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) benzo [ d ] 
nyl ) amino ) benzoate can be hydrogenated in the presence of [ 1 , 2 , 3 ] thiadiazole - 6 - carboxylate is obtained after conven 
appropriate catalyst ( such as Pd / C , Pt , Ni ) in appropriate tional workup . 
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Typical acids include , but are not limited to , trifluoro fluoro - 4 - iodophenyl ) amino ) - N - ( 2 - ( vinyloxy ) ethoxy ) benzo 

acetic acid , trifluoromethanesulfonic acid , methanesulfonic [ d ] [ 1 , 2 , 3 ] thiadiazole - 6 - carboxamide is obtained after con 
acid , formic acid , and acetic acid . ventional workup . 

Typical solvents are as defined above and prefer N , N Coupling reagents include , but are not limited to , HOBt , dimethylformamide and N , N dimethylacetamide . EDCI , HATU and TBTU . Step 1 . 1 . 9 Typical solvents are as defined above and prefer dichlo 
romethane , 1 , 2 - dichloroethane and N , N - dimethylforma 
mide . 

10 Step 1 . 1 . 11 

5 

15 F 

NN 
HO . 

F 

20 . NN 
HO . HO 

25 

NN 

40 

4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) benzo [ d ] [ 1 , 2 , 
3 ] thiadiazole - 6 - carboxylic acid can be prepared from 
methyl 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) benzo [ d ] 
[ 1 , 2 , 3 ] thiadiazole - 6 - carboxylate be deprotection in appro - 30 
priate solvent . 

Typical deprotection reagents may be base , Pd / C , Lewis 
acid or RANF . 4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N - ( 2 - ( viny 

Said base includes , but are not limited to , NaOH , KOH , loxy ) ethoxy ) benzo [ d ] [ 1 , 2 , 3 ] thiadiazole - 6 - carboxamide can 
Na2CO3 , K2CO3 . 35 be reacted under acidic condition in appropriate solvent . The 

Said Lewis acids include , but are not limited to AlCl3 , BF reaction normally completes within ( 1 - 12 h , prefer 3 - 10 h ) . 
and BBrz . 4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N - ( 2 - hydroxy 

Typical solvents are as defined above and prefer dichlo ethoxy ) benzo [ d ] [ 1 , 2 , 3 ] thiadiazole - 6 - carboxamide is 
romethane , THF , MeOH and DMF . obtained after conventional workup . 
Step 1 . 1 . 10 Typical acids include , but are not limited to , hydrochloric 

acid , sulfuric acid and trifluoroacetic acid . 
Typical solvents are as defined above and prefer dichlo HOJ romethane and 1 , 2 - dichloroethane . 
A compound of the formula ( I - 1 - a ) , i . e . , a compound of 

the formula ( I ) where X is N , X2 is S and Róis - C ( O ) N 
( RS ) OR " , where R3 is halo may be synthesized according to 
Scheme X - 1 , wherein R ' , R ? , R4 , RS , R7 and R8 are as 
defined for the formula ( I ) , ( I ) or any variations thereof ; each 
R14 and RlS is independently benzyl , benzyl substituted with 
1 to 3 methoxy groups , C7 - C , alkyl or — SIRIÓR1 / R18 where 
R16 , R17 and R18 are independently selected from C , - C10 
alkyl and Co - C14 aryl , and X is fluoro , chloro , bromo or iodo . 

55 

F 
45 

F 

NN 

F 
- 

Scheme X - 1 
HOO 

NN Br 60 
RAV F 

4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) benzo [ d ] [ 1 , 2 , 
3 ] thiadiazole - 6 - carboxylic acid can be reacted with O - ( 2 
( vinyloxy ) ethyl ) hydroxyl amine in the presence of coupling 
reagent in appropriate solvent . The reaction is generally 65 
carried out at ambient temperature and normally complete 
within several hours ( 1 - 12 h , prefer 3 - 10 h ) . 4 - Fluoro - 5 - ( ( 2 

Y 15 

F F 
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- continued - continued 
HO 

Pa R4 

Br Br R5 Y RS X 
RO 

T NN 

R140 20 

R4 
R6 - N 

25 X 
R2 IZ 

$ 

R140 R5 PS 
R ? 

NN 
Pe R 

25 Step 1 : R15 
R 

R2 
HO . 

R140 R 140 

R R3 

R15 NN 
RS ( X - II ) 

R140 

R4 RO? 
R15 

R 
RP 

NH , ?YRS R3 
R140 20 NN 

( 1 - 1 - a ) 

R4 

NN 
R1400 

N 

The compound of formula ( I - 1 - a ) can be prepared from 
55 the reaction of the compound of formula ( X - II ) with hydrox 

ylamine ( R ' OR NH ) in the presence of coupling reagents in 
appropriate solvent . 

Typical coupling reagents include , but are not limited to 
1 - Hydroxy - 1H - benzotriazole ( HOBt ) , 3 - ( ethyliminomethyl 
eneamino ) - N , N - dimethylpropan - 1 - amine ( EDCI ) , 0 - 07 
azabenzotriazol - 1 - yl ) - N , N , N ' , N ' - tetramethyluronium 
hexafluorophosphate ( HATU ) and O - Benzotriazol - 1 - yl - N , 
N , N ' , N ’ - tetramethyluronium tetrafluoroborate ( TBTU ) . 

65 Typical solvents are as defined above and prefer dichlo 
romethane , 1 , 2 - dichloroethane , THF and N , N - dimethylfor 
mamide . 

R4 

R 

NN 
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Typical solvents are as defined above and prefer CH2Cl2 , 
CHC1z , N , N - dimethylformamide and N , N - dimethylacet 
amide . 
Step 2 . 1 . 4 R140 20 

px - R140 20 

3 5 10 

NN PIS RIS 
( X - III ) Y R5 

HO 20 

R 15 
NH2 

( X - V ) 
R140 20 

- 4 R R3 
20 

( X - II ) 

NN 
The compound of formula ( X - II ) can be prepared from ( X - IV ) deprotection of the compound of formula ( X - III ) in appro - 25 

priate solvent . 
Typical deprotection reagents may be base , Pd / C , Lewis The compound of formula ( X - IV ) can be prepared from 

acid or R4NF according to different R14 . cyclization of the compound of formula ( X - Y ) in the pres 
Said base includes , but are not limited to , NaOH , KOH , ence of diazotization reagents ( such as inorganic acid and 

" , 30 alkali nitrite ) in appropriate solvent . Na2CO3 , K2CO3 . Typical inorganic acids include , but are not limited to , 
Said Lewis acids include , but are not limited to AIC13 , BF3 hydrochloric acid , sulfuric acid , nitric acid and phosphoric 

and BBrz . acid . 
Typical solvents are as defined above and prefer dichlo Typical alkali nitrite includes , but is not limited to , sodium 

romethane , THF , MeOH and DMF . 35 nitrite , potassium nitrite and cesium nitrite . 
Step 3 : Typical solvents are as defined above and prefer organic 

acid such as , but not limited to acetic acid and formic acid . 
Step 5 : 

R140 
40 

R1400 P 

R4 R4 

R 

45 R15 NN 
( X - IV ) 

R140 20 N3 
( X - VI ) 

50 R140 20 

IZ R $ 

23 
? 

55 NN 
( X - III ) 

NH2 
( X - V ) The compound of formula ( X - III ) where R * is halo can be 

prepared from halogenation of the compound of formula 60 The compound of formula ( X - V ) can be prepared from 
( X - IV ) in the presence of halogenation reagents and acid in reduction of the compound of formula ( X - VI ) in the pres 
appropriate solvent . ence of reduction reagents in appropriate solvent . 

Typical halogenation reagents include , but are not limited Typical reduction reagents include , but are not limited to 
to NCS , NBS , NIS and so on . hydrogenation catalyst , SnCl2 , PPhz , NaBH4 , BHz and 

Typical acids include , but are not limited to , trifluoro - 65 Raney Ni . 
acetic acid , trifluoromethanesulfonic acid , methanesulfonic Typical solvents are as defined above and prefer metha 
acid , formic acid , and acetic acid . nol , ethanol , ethyl acetate and THF . 
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Step 6 : 

R140 

( dibenzylideneacetone ) palladium , bis ( triphenylphosphine ) 
palladium ( II ) chloride , palladium diacetate , tetrakis ( triph 
enylphosphine ) palladium , bis ( triphenylphosphinepal 
ladium Jacetate and preferably select tris ( dibenzylideneac 

5 etone ) dipalladium . 
Typical phosphine ligands include , but are not limited to , 

dimethylbisdiphenylphosphinoxanthene , tri - tert - butylphos 
phine , tri - p - tolylphosphine , tris ( 4 - chlorophenyl ) phosphine , 
triisopropylphosphine , tris ( 2 , 6 - dimethoxyphenyl ) phos 
phine , 1 , 1 ' - bis ( diphenylphosphino ) ferrocene and preferably 
select dimethylbisdiphenyl phosphinoxanthene . 

Typical solvents are as defined above and prefer dioxane . 

RIS 
R 

( X - VII ) 

R 1400 
Ri 15 Step 8 

R4 

HO HOGO 
RIS 

AR R ? 
20 R4 

N3 
( X - VI ) 

Br 

( X - IX ) 
R140 20 

The compound of formula ( X - VI ) can be prepared from 
reaction of the compound of formula ( X - VII ) with azide in 25 
appropriate solvent . 

Typical azides prefer alkali azide , such as but not limited 
to NaNz and KN3 

Typical solvents are as defined above and prefer DMSO , 
N , N - dimethylformamide and N , N - dimethylacetamide . 
Step 7 : 

30 

R140 20 35 ( X - VIII ) 

Br Y R5 Pos 
( X - VIII ) 

R140 

The compound of formula ( X - VIII ) can be prepared from 
the reaction of the compound of formula ( X - IX ) with 

40 alcohol ( R140H ) or halide ( R14x ) in the presence of 
optional catalyst in appropriate solvent . 

Typical catalysts are selected according to different sub 
strates and include SOC1 , , sulfuric acid , inorganic base 
( such as NaHCO3 , KHCO3 , Na2CO3 ) and organic base 

1 45 ( such as triethylamine and N - ethyl - N - isopropylpropan - 2 
amine ) . 

Typical solvents are as defined above and prefer metha 
nol , ethanol , THF and DMF . 

50 Step 9 : 

R4 

R15 
Y R ? 

( X - VII ) 
HO . HO 20 HO . 

R4 

Br Br RS Br 

The compound of formula ( X - VII ) can be prepared from 55 55 R4 the reaction of the compound of formula ( X - VIII ) with 
mercaptan ( RSSH ) in the presence of base , phosphine 
ligand and catalyst in appropriate solvent . Br Y R5 Typical bases include , but are not limited to , aliphatic and 
aromatic amine ( such as , but not limited to , N - ethyl - N - 60 
isopropylpropan - 2 amine , triethylamine , diethylamine , ( X - X ) ( X - IX ) 
DBU , t - butylamine , cyclopropanamine , dibutylamine , diiso 
propylamine , 1 , 2 - dimethylpropanamine ) , inorganic base 
( such as Na2CO3 , K2CO3 , NaHCO3 , KHCO3 , ' Bu?Na , The compound of formula ( X - IX ) can be prepared from 
BUOK ) and prefer N - ethyl - N - isopropylpropan - 2 - amine . 65 the reaction of the compound of formula ( X - X ) with the 

Typical catalysts prefer Pd catalysts , such as , but are not following compound in the presence of strong base in 
limited to , tris ( dibenzylideneacetone ) dipalladium , bis appropriate solvent . 
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- continued 
R 1400 

R4 

Br R5 X R3 
. R 

10 R140 . R 140 

Typical strong base include , but are not limited to IDA , 
n - BuLi and LiHDMS . 

Typical solvents are as defined above and prefer anhy 
drous THF . 
Step 10 : 

R4 

1 R15 
HO R 20 R3 

Br 
É 

R140 

24 VR5 Br 

1 
RIS R5 ( X - XI ( X - X ) ' R P3 

R140 20 

1 R15 
Y RRP R5 ) P3 

The compound of formula ( X - X ) can be prepared from 
the reaction of the compound of formula ( X - XI ) with CO2 
in the presence of strong base in appropriate solvent . 30 

Typical strong base include , but are not limited to LDA , 
n - BuLi and LiHDMS . 

Typical solvents are as defined above and prefer anhy 
drous THF . 35 
Acompound of the formula ( I - 1 - a ) where R3 is other than 

halo may be synthesized according to Scheme X - 2 , where 
R1 , R² , R4 , RS , R ' and R8 are as defined for the formula ( J ) , 
( I ) or any variations thereof ; and each R14 and R15 is 
independently benzyl , benzyl substituted with 1 to 3 40 
methoxy groups , C . - C , alkyl or — SIR1R1R18 where R16 , 
R17 and R18 are independently selected from C7 - C10 alkyl 
and C . - C14 aryl . 

35 NH2 
R1400 

R 

RR R5 R3 

NN - 
- 

HO HO 
Scheme X - 2 

N 
Br 

r R4 RS RS 
em 

NN 
RS Br ? Pd aperia 

- F F 
PO 

HO 

IZ R4 - NN 

YRS 65 The synthetic scheme ( X - 2 ) for formula ( I - 1 - a ) compound 
wherein R * is other than halo is similar to the Scheme ( X - 1 ) 
for formula ( I - 1 - a ) wherein R is halo . The difference 
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65 
between the two schemes is that the following aniline is used 
in the synthetic scheme ( X - 2 ) and the corresponding Step 3 
is omitted . 

- continued 
RSR7N 0 

HN 
R3 R3 R2 R 

NN 
10 ( I - 1 - c ) 

HO . 

The compound of formula ( 1 - 1 - b ) , where R ' , R , R " , R , The compound of formula ( I - 1 - c ) can be prepared from 
R ' , R ' and Rºare as defined for the formula ( I ) , ( I ) or any the reaction of the compound of formula ( X - II ) with amine 
variations thereof , is prepared according to the method 16 ( R R NH ) in the presence of coupling reagents in appropri 
outlined in the following scheme : ate solvent . 

Typical coupling reagents include , but are not limited to 
1 - Hydroxy - 1H - benzotriazole ( HOBt ) , 3 - ( ethyliminomethyl 

HO 20 eneamino ) - N , N - dimethylpropan - 1 - amine ( EDCI ) , 0 - 07 
azabenzotriazol - 1 - yl ) - N , N , N ' , N ' - tetramethyluronium 
hexafluorophosphate ( HATU ) and O - Benzotriazol - 1 - yl - N , 
N , N , N ' - tetramethyluronium tetrafluoroborate ( TBTU ) . ROH Typical solvents are as defined above and prefer dichlo 

or R x romethane , chloroform and THF . 
R3 The compound of formula ( I - 1 - d ) , where R ' , R² , R3 , R4 , 

25 R $ , R7 and R8 are as defined for the formula ( I ) , ( I ) or any 
variations thereof , is prepared according to the method 

( X - II ) outlined in the following scheme : 
R700 

D4 R 

Ps 
NN 

X - 1 ROV 
30 HO 20 

NN 35 
R R3 

( I - 1 - b ) R ? 

NN 
o 

HN 

R4 

2 RS ? 

NN 

The compound of formula ( I - 1 - b ) can be prepared from 
the reaction of the compound of formula ( X - II ) with alcohol 40 
( R ' OH ) in the presence of coupling reagents or with halide 
( R²X ) in the presence of base in appropriate solvent . 

Typical coupling reagents include , but are not limited to 
1 - Hydroxy - 1H - benzotriazole ( HOBt ) , 3 - ( ethyliminomethyl 
eneamino ) - N , N - dimethylpropan - 1 - amine ( EDCI ) , O - ( 7 - 45 
azabenzotriazol - 1 - yl ) - N , N , N ' , N ' - tetramethyluronium 
hexafluorophosphate ( HATU ) and O - Benzotriazol - 1 - yl - N , 
N , N ' , N ' - tetramethyluronium tetrafluoroborate ( TBTU ) . 

Typical solvents are as defined above and prefer dichlo 
romethane , chloroform and THF . 

The compound of formula ( I - 1 - c ) , where R1 , R2 , R3 , R4 , 
R ” , R7 and R8 are as defined for the formula ( J ) , ( I ) or any 
variations thereof , is prepared according to the method 
outlined in the following scheme : 

V 

O = s = 0 

50 

R3 

55 NN 

HO 

N R4 

R R NH : RS RS R3 
R ? 

NN NN 
( X - II ) 
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67 67 68 Step 1 : Step 1 : and ' BUOK ) and organic base ( such as diethylamine , trieth 

ylamine and pyridine ) and prefer triethylamine . 
Typical catalysts include , but are not limited to 4 - dim 

ethylaminopyridine ( DMAP ) . 
Typical solvents are as defined above and prefer dichlo 

romethane and chloroform . 
Step 3 : 

p = 

0 

R4 

10 

Y RS HO HOO 
NN 

( X - XII ) RA 
0 

15 

INH 
O 

NN 
( X - II ) 

20 

5 RS P3 

( I - 1 - d ) 25 HN 

px 

R R 

NN 

HN 

R4 

RR ? 

The compound of formula ( I - 1 - d ) can be prepared from 
the compound of formula ( X - XII ) in the presence of base in 
appropriate solvent . 

Typical bases include , but are not limited to , inorganic 30 
base ( such as Na2CO3 , K2CO3 , NaHCO3 , KHCO3 , ' Bu?Na 
and ' BuOK ) and organic base ( such as diethylamine , trieth ( X - XIII ) 
ylamine , pyridine and potassium trimethylsilanolate ) and 
prefer potassium trimethylsilanolate . 

Typical solvents are as defined above and prefer THF . The compound of formula ( X - XIII ) can be prepared from 
Step 2 : the reaction of the compound of formula ( X - II ) with azide in 

the presence of base in appropriate solvent . 
Typical bases include , but are not limited to , inorganic 

40 base ( such as Na2CO3 , K2CO3 , NaHCO3 , KHCO3 , ' Bu?Na 
and ' BuOK ) and organic base ( such as diethylamine , trieth 
ylamine and pyridine ) and prefer triethylamine . 

Typical azides include diphenyl phosphoryl azide ( DPPA ) 
and ethyl carbonochloridate / NaN , and prefer diphenyl phos 

45 phoryl azide ( DPPA ) . 
Typical solvents are as defined above and prefer t - BuOH . 
In some embodiments , each R14 and Ris is independently 

( X - XIII ) benzyl , benzyl substituted with 1 - 3 methoxy , C , - C4 alkyl or 
50 SIRIRI / R18 , wherein each of R16 , R17 and R18 is inde 

pendently selected from C , - C6 alkyl and Co - C10 aryl . In 
some embodiments , each R14 and RlS is independently 
benzyl , benzyl substituted with 1 to 2 , methoxy , C , - C4 alkyl , 
t - BuMe Si , PhzSi , EtzSi , n - PrzSi or i - PrzSi . In some 

55 embodiments , each R14 and R15 is independently benzyl , 
0 - methoxybenzyl , m - methoxybenzyl , p - methoxybenzyl or 
C1 - C2 alkyl . In some embodiments , each R14 and Ris is 
independently benzyl , p - methoxybenzyl or methyl . 

( X - XII ) The compound of the formula ( I ) where X1 is CR11 , X² is 
60 O , R is - C ( O ) NHOR " , and Ris halo can be synthesized 

according to Scheme 2 , wherein R ' , R2 , R3 , R4 , R and R11 The compound of formula ( XII ) can be prepared from the are as defined for the formula ( I ) , ( I ) or any variations 
reaction of the compound of formula ( XIII ) with R ' SO2X thereof ; R14 is hydrogen , allyl or R13 ; and each R12 and R13 
( wherein X is fluoro , chloro , bromo and iodo ) in the pres is independently benzyl , benzyl substituted with 1 to 3 
ence of base and catalyst in appropriate solvent . 65 methoxy groups , C . - C , alkyl or SIRIØR ? ? R18 where R16 , 

Typical bases include , but are not limited to , inorganic R17 and R18 are independently selected from C7 - C10 alkyl 
base ( such as Na2CO3 , K2CO3 , NaHCO3 , KHCO3 , Bu?Na and C . - C14 aryl . 

NEN 

Rp Ro 
NN 
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Scheme 2 HO . 0 

OH OR 12 
R Py R4 R4A R70 - NH2 

base R 12Br 
base LR 

7y - F 10 
p11 

HN . HON 
HOO 20 RONA 

P DJ 

base R5 P3 
R120 R120 Y 

20 

R 

?? hezo 
R4 

The steps in Scheme 2 are illustrated further by an 
25 exemplary synthesis of 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) 

amino ) - N - ( 2 - hydroxyethoxy ) benzo [ d ] oxazole - 6 - carbox 
amide , according to the reactions outlined in Scheme 2 . 1 . R13Br or 

R130H 
R120 Y R5 

R4 30 
Scheme 2 . 1 

R130 . OH OBn 

IZ F 

NaN3 

R120 Y 
LI 

F 
R1300 

HO . ?? . 

R4 N 
hydrogenation 

R120 R 120 Y R Bno Bn0 Y E 

- L F 
?? . 

IZ R4 
cyclization HN 

HO Y R5 

NH2 Bn0 Bno Y ' F 
HO ?? 0 É 

Bno N 24 F 

Bn0 

RII 
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Bno . 

F 

2 , 3 , 4 - Trifluorophenol can be protected with hydroxy pro 
tection reagent ( such as BnBr , BnCl ) in the presence of base 
in appropriate inert solvent . The reaction generally is carried 
out at ambient temperature and normally completes within 

5 several hours ( 3 - 12 h , prefer 5 - 10 h ) . 1 - ( Benzyloxy ) - 2 , 3 , 4 
trifluorobenzene is obtained after conventional workup . 

Typical bases include Na , C03 , K2CO3 , NaHCO3 , 
KHCO3 , t - BuOK and t - BuONa . 

10 Typical solvents are as defined above and prefer acetone 
and methyl ethyl ketone . 
Step 2 . 1 . 2 

Bn0 Bno Y 

N3 

HO 20 
OBn HO ' 

F NH2 
20 

HO 20 
F Bn0 Bno Y 

25 

HO 

F 
Z 

To a solution of 1 - benzyloxy - 2 , 3 , 4 - trifluorobenzene in 
appropriate inert solvent is added strong base ( such as LDA , 
n - BuLi , LiHDMS ) at low temperature ( - 50° C . - - 80° C . , 
prefer - 78° C . ) under nitrogen atmosphere . The stirring is 

30 maintained at this temperature for several hours ( 0 . 5 - 12 h , 
prefer 0 . 5 - 2 h ) . The mixture is transferred to a bottle with dry 
ice and the resulting mixture is stirred for some time ( such 
as 3 - 12 h , prefer 5 - 10 h ) . 5 - Benzoxy - 2 , 3 , 4 - trifluorobenzoic 
acid is obtained after conventional workup . 

35 Typical solvents are as defined above and prefer tetrahy 
drofuran . 
Step 2 . 1 . 3 

F 

40 HOVO 
L 

5 

HO HO Bno F 

L 

HO O 
F 

4 50 

Bn0 E 
55 

Step 2 . 1 . 1 F 

?? OBn 

1 

5 - Benzoxy - 2 , 3 , 4 - trifluorobenzoic acid can be reacted 
so with halogenated aniline ( such as o - fluoroaniline , o - chlo 

roaniline , o - bromoaniline , o - iodoaniline ) in the presence of 
strong base ( such as LDA , n - BuLi , LiHDMS ) . The reaction 
generally is carried out at low temperature ( - 50° C . - - 80° C . , 
prefer – 78° C . ) and normally completes within several hours 

65 ( 3 - 12 h , prefer 5 - 10 h ) . 5 - ( Benzyloxy ) - 3 , 4 - difluoro - 2 - ( ( 2 
fluorophenyl ) amino ) benzoic acid is obtained after conven 
tional workup . 

Tj Y 1 F 

F F 
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Step 2 . 1 . 4 Step 2 . 1 . 6 

HO HO . 20 BnO Bn0 GO 
F - 

Bn01 Bno F 10 . Bno 
N3 

HOO ?? 

F Bno Bno a 
F F 15 15 

N 
HO F 

Bn0 NH , 20 

Benzyl 4 - azido - 5 - ( benzyloxy ) - 3 - fluoro - 2 - ( ( 2 - fluorophe 
5 - ( Benzyloxy ) - 3 , 4 - difluoro - 2 - ( ( 2 - fluorophenyl ) amino ) nyl ) amino ) benzoate can be hydrogenated in the presence of 

benzoic acid can be protected by protection reagent of acid 25 appropriate catalyst ( such as Pd / C , Pt , Ni ) . The reaction 
or hydroxyl ( such as BnBr , BnCl ) under basic condition in normally completes within several hours ( 1 - 12 h , prefer 
appropriate inert solvent The reaction normally complete 3 - 10 h ) . 4 - Amino - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 
within several hours ( 3 - 12 h , prefer 5 - 10 h ) . Benzyl 5 - ( ben - hydroxybenzoic acid is obtained after conventional workup . 
zyloxy ) - 3 , 4 - difluoro - 2 - ( ( 2 - fluorophenyl ) amino ) benzoate is Typical solvents are as defined above and prefer metha 
obtained after conventional workup . 30 nol , ethanol , propan - 1 - ol and water . 

Typical bases include , but are not limited to , Na2CO3 , Step 2 . 1 . 4 
K2CO3 , NaHCO3 , KHCO3 , tBuOK , and tBuONa . 

Typical solvents are as defined above and prefer acetone 
and methyl ethyl ketone . 
Step 2 . 1 . 5 

35 T 

Bno . BnOO 
40 HOT 

- - NH 
HO 

F 
Bn0 

45 HN 

Bno . BnO 0 

50 ZI 

Bn01 
4 - Amino - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 - hy 

droxybenzoic acid can be cyclized by trialkoxymethane in 
as the presence of acid in appropriate solvent . The reaction 

N3 normally completes within several hours ( 0 . 2 - 12 h , prefer 
3 - 10 h ) . 4 - Fluoro - 5 - ( ( 2 - fluoro phenyl ) amino ) benzo [ d ] ox 
azole - 6 - carboxylic acid is obtained after conventional Benzyl 5 - ( benzyloxy ) - 3 , 4 - difluoro - 2 - ( ( 2 - fluorophenyl ) workup . 

amino ) benzoate can be reacted with azide ( such as NaN3 , 
KN3 ) in appropriate solvent . The reaction generally is car - 60 r - 60 Said trialkoxymethane includes , but are not limited to , 
ried out at high temperature ( 60 - 120° C . , prefer 80 - 100° C . ) trimethoxymethane and triethoxymethane . 
and normally completes within several hours ( 1 - 12 h , prefer Typical acids include p - toluenesulfonic acid , pyridinium 
3 - 10 h ) . The desired product is obtained after conventional toluene - 4 - sulphonate , formic acid , acetic acid and sulfuric 
workup . 

Typical solvents are as defined above and prefer N , N Typical solvents are as defined above and prefer methyl 
dimethylformamide and N , N - dimethylacetamide . acetate , ethyl acetate and trimethoxymethane . 

65 acid . 
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HO 20 
F 5 - more 10 

N 
HOO 

) 

- 

z 

ya watu F 

F 

20 

4 - Fluoro - 5 - ( ( 2 - fluorophenyl ) amino ) benzo [ d ] oxazole - 6 
carboxylic acid can be reacted with halogenations reagent 
( such as NIS ) under acidic condition in appropriate solvent . 
The reaction generally is carried out at ambient temperature 
and normally completes within several hours ( 1 - 12 h , prefer 25 5 4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N - ( 2 - ( viny 
3 - 10 h ) . 4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) benzo loxy ) ethoxy ) benzo [ d ] oxazole - 6 - carboxamide can be reacted 
[ d ] oxazole - 6 - carboxylic acid is obtained after conventional under acidic condition in appropriate solvent . The reaction 
workup . normally completes within ( 1 - 12 h , prefer 3 - 10 h ) . 4 - Fluoro 

Typical acids include , but are not limited to , trifluoro 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N - ( 2 - hydroxyethoxy ) 
acetic acid , trifluoromethanesulfonic acid , methanesulfonic 30 benzo [ d ] oxazole - 6 - carboxamide is obtained after conven 
acid , formic acid and acetic acid . tional workup . 

Typical solvents are as defined above and prefer N , N Typical acids include , but not limited to , hydrochloric dimethylformamide and N , N dimethylacetamide . acid , sulfuric acid and trifluoroacetic acid . Step 2 . 1 . 9 35 Typical solvents are as defined above and prefer dichlo 
romethane and 1 , 2 - dichloroethane . 

HOO A compound of the formula ( 1 - 2 - a ) , i . e . , a compound of 
the formula ( 1 ) where Xl is CR11 , X2 is O and Róis 
- C ( O ) N ( R $ ) OR ? , where R3 is halo may be synthesized 
according to Scheme Y - 1 , wherein R ' , R ? , R4 , RS , R7 and R8 
are as defined for the formula ( I ) , ( I ) or any variations 
thereof ; each R14 and R15 is independently benzyl , benzyl 
substituted with 1 to 3 methoxy groups , C , - C , alkyl or 
- SIRIÓR17R18 where R16 , R17 and R18 are independently 
selected from C7 - C10 alkyl and C . - C14 aryl , and X is fluoro , 
chloro , bromo or iodo . 

40 

F 

50 Scheme Y - 1 

OH OR 12 

R4 R4 I F 

Rs 

HO 20 

4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) benzo [ d ] ox - 55 
azole - 6 - carboxylic acid can be reacted with O - ( 2 - ( vinyloxy ) 
ethyl ) hydroxylamine in the presence of coupling reagent in 
appropriate solvent . The reaction is generally carried out at 
ambient temperature and normally complete within several 
hours ( 1 - 12 h , prefer 3 - 10 h ) . 4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodo - 60 
phenyl ) amino ) - N - ( 2 - ( vinyloxy ) ethoxy ) benzo [ d ] oxazole - 6 
carboxamide is obtained after conventional workup . 

Coupling reagents include , but are not limited to , HOBt , 
EDCI , HATU and TBTU . 

Typical solvents are as defined above and prefer dichlo - 65 
romethane , 1 , 2 - dichloroethane and N , N - dimethylforma 
mide . 

TI 

R120 Y R5 
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20 
Step 1 : 

HO 
HO . HO 20 50 m 5 

R120 

É RS R3 0 
R130 

R ? 
( Y - II ) 

R120 RS 

É R 
R130 . O 

R4 - olen R ! 20 Y RS 
R11 

( 1 - 2 - a ) 
HOO ?? . 

R - HO Y R5 

NH2 
20 HO 

The compound of formula ( 1 - 2 - a ) can be prepared from 
30 the reaction of the compound of formula ( Y - II ) with hydrox 

ylamine ( R ' OR NH ) in the presence of coupling reagents in 
appropriate solvent . 

Typical coupling reagents include , but are not limited to 
1 - Hydroxy - 1H - benzotriazole ( HOBt ) , 3 - ( ethyliminomethyl 

35 eneamino ) - N , N - dimethylpropan - 1 - amine ( EDCI ) , 0 - 07 
azabenzotriazol - 1 - yl ) - N , N , N ' , N ' - tetramethyluronium 
hexafluorophosphate ( HATU ) and O - Benzotriazol - 1 - yl - N , 
N , N ' , N ' - tetramethyluronium tetrafluoroborate ( TBTU ) . 

Typical solvents are as defined above and prefer dichlo 
40 romethane , 1 , 2 - dichloroethane , THF and N , N - dimethylfor 

mamide . 
Step 2 : 

N Ry 

As 

RII 
HO 45 

R 

RS 
R RP 

R11 
RII 

( Y - III ) 
HO 20 

RON R4 

R52 P3 
RS 

RII ( Y - II ) 
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VR R 
NH2 

The compound of formula ( Y - II ) where R ’ is halo can be - continued 
prepared from halogenation of the compound of formula 
( Y - III ) in the presence of halogenation reagents and acid in 
appropriate solvent . 

Typical halogenation reagents include , but are not limited 5 
to NCS , NBS , NIS and so on . 

Typical acids include , but are not limited to , trifluoro HO Y RS acetic acid , trifluoromethanesulfonic acid , methanesulfonic 
acid , formic acid , and acetic acid . 

Typical solvents above and prefer CH2C12 , CHC13 , N , N ( Y - IV ) dimethylformamide and N , N - dimethylacetamide . 
Step 3 ; 

The compound of formula ( Y - IV ) can be prepared from 
15 hydrogenation of the compound of formula ( Y - V ) in the HOO presence of catalyst in appropriate solvent . 

Typical hydrogenation catalysts include , but are not lim 
ited to Pd / C , Pt and Ni . 

Typical solvents are as defined above and prefer metha 
' nol , ethanol and THF . 

Step 5 : NH2 
( Y - IV ) 

HO . O 25 

R4 

HO Ps 

R130 

seus 30 2120 RS R120 R5 

( Y - VI ) 
( Y - III ) 35 R130 20 

a Ry 

40 R120 Y R5 

( Y - V ) 

The compound of formula ( Y - III ) where Rll is hydrogen 
can be prepared from cyclization of the compound of 
formula ( Y - IV ) in the presence of acid and tri ( C , - C . alkyl ) 
orthoformate in appropriate solvent . 

Typical acids include , but are not limited to p - toluenesul 
fonic acid , pyridinium toluene - 4 - sulphonate , methane sul 
fonic acid and benzenesulfonic acid . 
Said tri ( C , - C6 alkyl ) orthoformate includes 

trimethoxymethane and triethoxymethane . 
Typical solvents are as defined above and prefer MeOH , 

CH , C12 , CHC13 , DMSO and N , N - dimethylformamide . 
The compound of formula ( Y - III ) where R1 is other than 

hydrogen can be prepared from the reaction of the com 50 pound of formula ( Y - IV ) with substituted acid ( R11COOH ) 3 
in the presence of catalyst in appropriate solvent . 

Typical catalyst includes , but is not limited to polyphos - 
phoric acids . 
Step 4 : 

The compound of formula ( Y - V ) can be prepared from 
reaction of the compound of formula ( Y - VI ) with azide in 
appropriate solvent . 

Typical azides prefer alkali azide , such as but not limited 
to NaN , and KN3 

Typical solvents are as defined above and prefer DMSO , 
N , N - dimethylformamide and N , N - dimethylacetamide . 

55 Step 6 : 

R1300 HO . 

R4 60 R - - R120 Y R5 RI20 

3 

( Y - V ) ( Y - VII ) 
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Step 8 : - continued 
R130 

HO 20 R4 OR 12 5 

R120 Y RS 
F Ý R5 R120 

10 ( Y - VI ) F 

( Y - IX ) ( Y - VIII ) 
The compound of formula ( Y - VI ) can be prepared from 

the reaction of the compound of formula ( Y - VII ) with 
alcohol ( R13OH ) or halide ( R13X , X prefers Br ) in the 15 15 
presence of acid or base in appropriate solvent . 
Where the compound of formula ( Y - VII ) is reacted with 

alcohol ( R130H ) , typical acids include , but are not limited 
to , sulfuric acid , p - toluenesulfonic acid , pyridinium toluene - 20 4 - sulphonate and trifluoroacetic acid 

Typical solvents are as defined above and prefer benzyl 
alcohol , methanol , ethanol , 1 - propanol and n - butanol . 
Where the compound of formula ( Y - VII ) is reacted with 

halide ( R13X ) , typical bases include , but are not limited to , os 
Na2CO3 , K2CO3 , NaHCO3 , KHCO3 , t - Bu?Na and t - BuOK . 

Typical solvents are as defined above and prefer N , N 
dimethylformamide , N , N - dimethylacetamide . 
Step 7 : 

The compound of formula ( Y - VIII ) can be prepared from 
the reaction of the compound of formula ( Y - IX ) with CO , in 
the presence of strong base in appropriate solvent . 

Typical strong base include , but are not limited to LDA , 
n - BuLi and LiHDMS . 

Typical solvents are as defined above and prefer anhy 
drous THF . 

?? OR 12 

T L 

30 
RS 

HO 20 

( Y - X ) ( Y - IX ) Red 
35 

HO . 

The compound of formula ( Y - IX ) can be prepared from R120 V the reaction of the compound of formula ( Y - X ) with R12X 
( X prefers bromo ) in the presence of base in appropriate 

( Y - VIII ) solvent . 
Typical bases include , but are not limited to , Na , CO2 , 

K2CO3 , NaHCO3 , KHCO3 , t - Bu?Na and t - BuOK . 
Typical solvents are as defined above and prefer THF , 

DMF and acetone . 45 A compound of the formula ( I - 2 - a ) , i . e . , a compound of 
the formula ( I ) where Xl is CRT1 , X2 is O and R is 

C ( O ) N ( R $ ) OR " , where R * is other than halo may be 
( Y - VII ) synthesized according to Scheme Y - 2 , wherein R ' , R ? , Rº , 

50 R4 , RS , R ? and R8 are as defined for the formula ( I ) , ( I ) or 
any variations thereof ; and each R14 and R15 is indepen The compound of formula ( Y - VII ) can be prepared from dently benzyl , benzyl substituted with 1 to 3 methoxy the reaction of the compound of formula ( Y - VIII ) with the groups , C . - C , alkyl or — SiRl?R17R18 where R16 , R17 and following compound in the presence of strong base in R18 are independently selected from C7 - C10 alkyl and appropriate solvent . 55 C6 - C14 aryl 

R120 
T 

H N . Scheme Y - 2 
OH OR 12 60 

R ! - As 
65 

Typical strong base include , but are not limited to LDA , 
n - BuLi and LiHDMS . 

Typical solvents are as defined above and prefer anhy 
drous THF . 
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20 HO 

The Synthetic scheme ( Y - 2 ) for compound of the formula 
( 1 - 2 - a ) wherein Rºis other than halo is similar to the scheme 
( Y - 1 ) for formula ( 1 - 2 - a ) wherein R3 is halo . The difference 
between the two schemes is that the following aniline is used 

5 in the synthetic scheme ( A - 2 ) and the corresponding Step 2 
is omitted . 

R 

. R120 R5 

10 
HO . 

15 

R120 Y R5 
R 

The compound of formula ( I - 2 - b ) , where R . R2 , R3 , R4 , 
R , R7 and R8 are as defined for the formula ( I ) , ( I ) or any 
variations thereof , is prepared according to the method 
outlined in the following scheme : 

F 

20 R130 

R 120 V 5 RE R3 ROH 
or R7x R5 X R3 

R130 . R2 R 13 . 

Ö 

R4 R11 
( Y - II ) 

R120 Bar Bí R 

ü 
R70 . 

N 
B 

HO HO y R5 YA P3 P3 
R ? RR R3 

NH2 
20 HO # 

RII 
( I - 2 - b ) 

RIL 
- To 

N RON 

30 The compound of formula ( I - 2 - b ) can be prepared from 
the reaction of the compound of formula ( Y - II ) with alcohol 
( R ' OH ) in the presence of coupling reagents or with halide 
( R²X ) in the presence of base in appropriate solvent . 

55 Typical coupling reagents include , but are not limited to 
1 - Hydroxy - 1H - benzotriazole ( HOBt ) , 3 - ( ethyliminomethyl 
eneamino ) - N , N - dimethylpropan - 1 - amine ( EDCI ) , 0 - 07 
azabenzotriazol - 1 - yl ) - N , N , N ' , N ' - tetramethyluronium 
hexafluorophosphate ( HATU ) and O - Benzotriazol - 1 yl - N , 

60 N , N ' , N ' - tetramethyluronium tetrafluoroborate ( TBTU ) . 
Typical solvents are as defined above and prefer dichlo 

romethane , chloroform and THF . 
The compound of formula ( I - 2 - c ) , where R1 , R² , R3 , R4 , 

65 RS , R7 and R8 are as defined for the formula ( I ) , ( I ) or any 
variations thereof , is prepared according to the method 
outlined in the following scheme : 

$ 

RII 
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N 

HO 0 
h 

N O = 14 be : R4 R6R7NH . 
R3 

Y R5 R2 
RII 

( Y - II ) R11 
RSR N 0 

R = 

R4 NH 
Po O = 

R5 R3 
Bli 

( I - 2 - c ) 
RII 

25 

Step 1 : 

R7 

ON OP = O 
R4 

The compound of formula ( I - 2 - c ) can be prepared from 
the reaction of the compound of formula ( Y - II ) with amine 
( R?R NH ) in the presence of coupling reagents in appropri 
ate solvent . 30 30 Typical coupling reagents include , but are not limited to 
1 - Hydroxy - 1H - benzotriazole ( HOBt ) , 3 - ( ethyliminomethyl 
eneamino ) - N , N - dimethylpropan - 1 - amine ( EDCI ) , O - ( 7 
azabenzotriazol - 1 - yl ) - N , N , N ' , N ' - tetramethyluronium 
hexafluorophosphate ( HATU ) and O - Benzotriazol - 1 - yl - N , 35 
N , N ' , N ' - tetramethyluronium tetrafluoroborate ( TBTU ) . 

Typical solvents are as defined above and prefer dichlo 
romethane , chloroform and THF . 

The compound of formula ( I - 2 - d ) , where R1 , R2 , R3 , R + , 40 
R " , R7 and R8 are as defined for the formula ( I ) , ( I ) or any 
variations thereof , is prepared according to the method 
outlined in the following scheme : 

R5 R 

R11 
( Y - XI ) 

Pro = no NH 
HO 20 

Py 

y R5 P3 
RII 

( I - 2 - d ) 

- 
- 

hogy 

HN 

Pe 

The compound of formula ( I - 2 - d ) can be prepared from 
the compound of formula ( Y - XI ) in the presence of base in 
appropriate solvent . 

Typical bases include , but are not limited to , inorganic 
base ( such as Na2CO3 , K2CO3 , NaHCO3 , KHCO3 , ' Bu?Na 
and ' BUOK ) and organic base ( such as diethylamine , tri ethyl 
amine , pyridine and potassium trimethylsilanolate ) and pre 
fer potassium trimethylsilanolate . 

Typical solvents are as defined above and prefer THF and 

RR 
YN 

CH2Cl2 . 
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RII 
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Step 2 : The compound of formula ( Y - XII ) can be prepared from 
the reaction of the compound of formula ( Y - XI ) with azide 
in the presence of base in appropriate solvent . 

Typical bases include , but are not limited to , inorganic 
5 base ( such as Na2CO3 , K2CO3 , NaHCO3 , KHCO3 , Bu?Na 

and ' BUOK ) and organic base ( such as diethylamine , trieth 
ylamine and pyridine ) and prefer triethylamine . 

Typical azides include diphenyl phosphoryl azide ( DPPA ) 
and ethyl carbonochloridate / NaNz and prefer diphenyl phos 
phoryl azide ( DPPA ) . 

Typical solvents are as defined above and prefer t - BuOH . 
In some embodiments , each R14 and R15 is independently 

benzyl , benzyl substituted with 1 - 3 methoxy , C , - C4 alkyl or 
- SiR1R17R18 , wherein each of R16 , R17 and R18 is inde 

( Y - XII ) pendently selected from C , - Co alkyl and Co - C10 aryl . In 
some embodiments , each R14 and RS is independently 
benzyl , benzyl substituted with 1 to 2 methoxy , C . - C4 alkyl , 
t - BuMe , Si , Ph Si , EtzSi , n - Pr2Si or i - PrzSi . In some 
embodiments , each R14 and Ris is independently benzyl , 
0 - methoxybenzyl , m - methoxybenzyl , p - methoxybenzyl or 

20 C , - C2 alkyl . In some embodiments , each R14 and R15 is 
independently benzyl , p - methoxybenzyl or methyl . 

The compound of the formula ( I ) where Xl is CR11 , X² is RS R2 S , Ris - C ( O ) NHOR " , and R3 is halo can be synthesized 
according to Scheme 3 , wherein R ' , R ? , R4 , RS , R7 and R11 

25 are as defined for the formula ( J ) , ( I ) or any variations 
thereof ; R14 is hydrogen , allyl , or R13 , and each R12 and R13 

( Y - XI ) is independently benzyl , benzyl substituted with 1 to 3 
methoxy groups , C7 - C , alkyl or — SiRl?R17R18 where R16 , 

The compound of formula ( Y - XI ) can be prepared from R17 and R18 are independently selected from C , - C10 alkyl 
the reaction of the compound of formula ( Y - XII ) with 30 and Co - C14 aryl . 
R ' SO2X ( wherein X is fluoro , chloro , bromo and iodo ) in the 
presence of base and catalyst in appropriate solvent . 

Typical bases include , but are not limited to , inorganic 
base ( such as Na , CO2 , K , CO2 , NaHCO2 , KHCO2 , ' Bu?Na 
and ' BuOK ) and organic base ( such as diethylamine , trieth - 35 
ylamine and pyridine ) and prefer triethylamine . R4 

Typical catalysts include , but are not limited to 4 - dim 
ethylaminopyridine ( DMAP ) . 

Typical solvents are as defined above and prefer dichlo 
romethane and chloroform . 
Step 3 : 

R3 

Scheme 3 

base 

40 

F 

HN HO 20 
HOO 

45 R4 R4 
Py - base 

Br Y 

50 F 
HO 20 

R4 
( Y - II ) 

R14Br or 
R140H 

55 

- - RC HN Br 
RC 

R1400 

RA R3 60 
R15 — SH 
Pd2 ( dba ) 

Br Y R5 
( Y - XII ) 
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The steps in Scheme 3 are illustrated further by an 
exemplary synthesis of 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) 
amino ) - N - ( 2 - hydroxyethoxy ) benzo [ d ] thiazole - 6 - carbox 
amide , according to the reactions outlined in Scheme 3 . 1 . R 

N3 

20 

R140 Scheme 3 . 1 
HOO N Br 

25 25 

RS RIS 

R2 
NH2 F 

] 
R1400 R140 . 0 

HO . 

D R4 R4 F 
- 

? 

RS Repen R5Ys - SY 
NH2 NH2 

R140 . 0 
Br 

cyclization pon : F 

HSYps HS - NH2 
R140 Br 

24 

ZE 

RII 
HOO 

4 N F 
60 R7O - NH2 

PR 
65 
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N HO . 0 
Br 5 

NH2 
Br Br F 

Ovo 2010 10 

NH2 NH2 NH2 

F 
ZI 

To a solution of 2 , 3 , 4 - trifluorobromobenzene in appropri 
ate solvent is added strong base ( such as LDA , nBuli , 

15 LiHDMS ) under nitrogen atmosphere . The reaction is gen 
erally carried out at low temperature ( - 50 - - 80° C . , prefer 
- 78° C . ) . The reaction is kept stirring for some time ( 0 . 5 - 12 
h , preferably select 0 . 5 - 2 h ) and is added dry ice . The 
resulting mixture is kept stirring for some time ( 3 - 12 h , 

20 prefer 5 - 10 h ) and 5 - bromo - 2 , 3 , 4 - trifluorobenzoic acid is 
obtained after conventional workup . 

Typical solvents are as defined above and prefer anhy 
drous THF , ethyl ether and dioxane ) . 
Step 3 . 1 . 2 

25 

HS HS Y 

NH 

HO HO . HO 20 
F - 30 

Br 
- 

- 3 ) F 
35 

I 

EN 
HO . 

F 

5 - Bromo - 2 , 3 , 4 - trifluorobenzoic acid can be reacted with 
halogenated aniline ( such as O - fluoroaniline , o - chloroani 
line , o - bromoaniline , o - iodoaniline ) under strong basic con 
dition ( such as LDA , n - BuLi , LiHDMS ) in appropriate 
solvent . The reaction is generally carried out at low tem 
perature ( - 50 - - 80° C . , prefer - 78° C . ) and normally com 
pletes within several hours ( 3 - 12 h , prefer 5 - 10 h ) . 5 - Bromo 
3 , 4 - difluoro - 2 - ( ( 2 - fluorophenyl ) amino ) benzoic acid is 
obtained after conventional workup . 

Typical solvents are as defined above and prefer anhy 
drous THF , ethyl ether and dioxane ) . 
Step 3 . 1 . 3 

45 

F 50 HOO 

5 
BI 

ZN 

HO 
F 

60 N 

Br Y F 

N 65 F 
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phine , 1 , 1 ' - bis ( diphenylphosphino ) ferrocene and preferably 
select dimethylbisdiphenyl phosphinoxanthene . 

Typical solvents are as defined above and prefer dioxane . 
Step 3 . 1 . 5 

5 - Bromo - 3 , 4 - difluoro - 2 - ( ( 2 - fluorophenyl ) amino ) benzoic 
acid can be reacted with MeOH in the presence of SOC1 , in 
appropriate solvent . The reaction normally completes within 
several hours ( 3 - 12 h , prefer 5 - 10 h ) . Methyl 5 - bromo - 3 , 4 - 
difluoro - 2 - ( ( 2 - fluorophenyl ) amino ) benzoate is obtained 5 
after conventional workup . 

Typical solvents are as defined above and prefer methanol 
and ethanol . 
Step 3 . 1 . 4 

20 

10 

F 

F 

N Br 

F 

25 

LZ 

F 

F 

45 

Methyl 3 , 4 - difluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 - ( 4 
methoxy benzyl ) thio ) benzoate can be reacted with azide 
( such as NaN3 , KN3 ) in appropriate solvent . The reaction is 
generally carried out at high temperature ( 60 - 120° C . , prefer 
80 - 100° C . ) and normally completes within several hours 
( 1 - 12 h , prefer 3 - 10 h ) . Methyl 4 - azido - 3 - fluoro - 2 - ( ( 2 - fluo 
rophenyl ) amino ) - 5 - ( ( 4 - methoxybenzyl ) thio ) benzoate is 
obtained after conventional workup . 

Typical solvents are as defined above and prefer N , N 
dimethylformamide and N , N dimethylacetamide . 

To a solution of methyl 5 - bromo - 3 , 4 - difluoro - 2 - ( ( 2 - fluo - Step 3 . 1 . 6 
rophenyl ) amino ) benzoate in appropriate solvent is added 
base under nitrogen atmosphere , followed by Pd catalyst , 
phosphine ligand and ( 4 - methoxyphenyl ) methanethiol . The 40 
reaction is generally carried out at high temperature ( 80 
130° C . , prefer 90 - 110° C . ) and normally complete within 
several hours ( 8 - 24 h , prefer 12 - 18 h ) . Methyl 3 , 4 - difluoro 
2 - ( ( 2 - fluorophenyl ) amino ) - 5 - ( ( 4 - methoxybenzyl ) thio ) ben 
zoate is obtained after conventional workup . 

Typical bases include , but are not limited to , aliphatic and 
aromatic amine ( such as , but not limited to , N - ethyl - N 50 isopropylpropan - 2 - amine , triethylamine , diethylamine , 
DBU , t - butylamine , cyclopropanamine , dibutylamine , diiso 
propylamine , 1 , 2 - dimethylpropanamine ) , inorganic base 
( such as Na2CO3 , K2CO3 , NaHCO3 , KHCO3 , ' Bu?Na , se 
BUOK ) and prefer N - ethyl - N - isopropylpropan - 2 - amine . 

Typical Pd catalysts include , but are not limited to , 
tris ( dibenzylideneacetone ) dipalladium , bis ( dibenzylide Methyl 4 - azido - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 neacetone ) palladium , bis ( triphenylphosphine ) palladium ( II ) 60 ( ( 4 - methoxy benzyl ) thio ) benzoate can be hydrogenated in chloride , palladium diacetate , tetrakis ( triphenylphosphine ) the presence of appropriate catalyst ( such as Pd / C , Pt , Ni ) in palladium , bis ( triphenylphosphinepalladium ) acetate and appropriate solvent . The reaction normally completes within preferably select tris ( dibenzylideneacetone ) dipalladium . several hours ( 1 - 12 h , prefer 3 - 10 h ) . Methyl 4 - amino - 3 

Typical phosphine ligands include , but are not limited to , fluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 - ( ( 4 - methoxybenzyl ) 
dimethylbisdiphenylphosphinoxanthene , tri - tert - butylphos - 65 thio ) benzoate is obtained after conventional workup . 
phine , tri - p - tolylphosphine , tris ( 4 - chlorophenyl ) phosphine , Typical solvents are as defined above and prefer metha 
triisopropylphosphine , tris ( 2 , 6 - dimethoxyphenyl ) phos - nol , ethanol , propan - 1 - ol and water . 

med F 
N ??? NH 
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Step 3 . 1 . 7 Step 3 . 1 . 9 
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20 
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15 
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NH NH2 20 

Methyl 4 - amino - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 5 , 5 ' - Disulfanediylbis ( 4 - amino - 3 - fluoro - 2 - ( ( 2 - fluorophe mercapto benzoate can be cyclized in the presence of acid in nyl ) amino ) benzoate ) can be prepared from methyl 4 - amino appropriate solvent . The reaction normally completes within 3 - fluoro - 2 - ( ( 2 - fluoro phenyl ) amino ) - 5 - ( ( 4 - methoxybenzyl ) 25 several hours ( 0 . 2 - 12 h , prefer 0 . 5 - 10 h ) . Methyl 4 - fluoro thio ) benzoate by deprotection in appropriate solvent . The “ 5 - ( ( 2 - fluorophenyl ) amino ) benzo [ d ] thiazole - 6 - carboxylate 
desired product is obtained after conventional workup . is obtained after conventional workup . 

Typical deprotection reagents may be acid , Pd / C , Lewis Typical acids include , but are not limited to p - toluenesul acid or R NF according to RS . fonic acid , pyridinium toluene - 4 - sulphonate , formic acid , 
Said acid includes , but are not limited to , CF3COOH . 30 acetic acid and sulfuric acid . 
Said Lewis acid includes , but is not limited to , BF3 and Typical solvents are as defined above and prefer methyl 

acetate , ethyl acetate and trimethoxymethane . 
Said deprotection reagents include oxidative reagents Step 3 . 1 . 10 

such as , but are not limited to , ammonium eerie nitrate and 35 
DDQ and prefer DDQ . 

Typical solvents are as defined above and prefer dichlo 
romethane , chloroform , MeOH and EtOH . 
Step 3 . 1 . 8 

BBrz . 

F 

6 

45 - - 3 ) 

NH2 NH2 

F F 50 F 

HS Methyl 4 - fluoro - 5 - ( ( 2 - fluorophenyl ) amino ) benzo [ d ] thi 
azole - 6 - carboxylate can be reacted with halogenations 

NH2 reagent ( such as NIS ) in the presence of acid at ambient 
temperature in appropriate solvent . The reaction normally 
completes within several hours ( 1 - 12 h , prefer 3 - 10 h ) . 

5 , 5 ' - Disulfanediylbis ( 4 - amino - 3 - fluoro - 2 - ( ( 2 - fluorophe Methyl 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) benzo [ d ] 
nyl ) amino ) benzoate ) can be reduced in appropriate solvent . ou thiazole - 6 - carboxylate is obtained after conventional 
Methyl 4 - amino - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 . workup . 
mercaptobenzoate is obtained after conventional workup . Typical acids include , but are not limited to , trifluoro 

Said reductive reagents include NaBH4 , NaCNBH3 , NaB - acetic acid , trifluoromethanesulfonic acid , methanesulfonic 
H ( OAc ) 3 , Zn powder and Fe powder . 65 acid , formic acid , and acetic acid . 

Typical solvents are as defined above and prefer the Typical solvents are as defined above and prefer N , N 
mixture or THF and MeOH . dimethylformamide and N , N - dimethylacetamide . 
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Step 3 . 1 . 11 Step 3 . 1 . 13 
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HO 20 
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HO 

F N 
N 

20 

N 
4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) benzo [ d ] thi 

azole - 6 - carboxylic acid can be prepared from methyl 
4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodo phenyl ) amino ) benzo [ d ] thiaz 
ole - 6 - carboxylate be deprotection in appropriate solvent . 5 4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N - ( 2 - ( viny Typical deprotection reagents may be base , Pd / C , Lewis loxy ) ethoxy ) benzo [ d ] thiazole - 6 - carboxamide can be 
acid or R . NF . reacted under acidic condition in appropriate solvent . The Said base includes , but are not limited to , NaOH , KOH reaction normally completes within ( 1 - 12 h , prefer 3 - 10 h ) . 
Na CO2 and K2CO3 . 4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N - ( 2 - hydroxy 

Said Lewis acids include , but are not limited to AlCl3 , BFz 30 ethoxybenzo [ d ] thiazole - 6 - carboxamide is obtained after 
and BBrz . conventional workup . Typical solvents are as defined above and prefer dichlo 
romethane , THF , MeOH and DMF . Typical acids include , but not limited to , hydrochloric 
Step 3 . 1 . 12 acid , sulfuric acid and trifluoroacetic acid . 

35 Typical solvents are as defined above and prefer dichlo 
romethane and 1 , 2 - dichloroethane . 

HOO A compound of the formula ( 1 - 3 - a ) , i . e . , a compound of 
the formula ( 1 ) where Xl is CR1 , X2 is S and Ró is 
- C ( O ) N ( R ) OR7 , where R3 is halo may be synthesized 
according to Scheme Z - 1 , wherein R ' , R ? , R4 , RS , R7 and R8 
are as defined for the formula ( I ) , ( I ) or any variations 
thereof ; each R14 and R15 is independently benzyl , benzyl 
substituted with 1 to 3 methoxy groups , C , - C , alkyl or 
- SIRIÓR17R18 where R16 , R17 and R18 are independently 
selected from C7 - C10 alkyl and C . - C14 aryl , and X is fluoro , 
chloro , bromo or iodo . 

- 

40 

F 

50 Scheme Z - 1 
Br 

R4 

F 
HOO 

4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) benzo [ d ] thi - 55 
azole - 6 - carboxylic acid can be reacted with O - ( 2 - ( vinyloxy ) 
ethyl ) hydroxylamine in the presence of coupling reagent in 
appropriate solvent . The reaction is generally carried out at 
ambient temperature and normally complete within several 
hours ( 1 - 12 h , prefer 3 - 10 h ) . 4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodo - 60 
phenyl ) amino ) - N - ( 2 - ( vinyloxy ) ethoxy ) benzo [ d ] thiazole - 6 
carboxamide is obtained after conventional workup . 

Coupling reagents include , but are not limited to , HOBt , 
EDCI , HATU and TBTU . 

Typical solvents are as defined above and prefer dichlo - 65 
romethane , 1 , 2 - dichloroethane and N , N - dimethylforma 
mide . 

R4 

Br 
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15 
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( I - 3 - a ) ( Z - IV ) 
R140 

The compound of formula ( 1 - 3 - a ) can be prepared from 
the reaction of the compound of formula ( Z - II ) with hydrox 
ylamine ( R ' OR®NH ) in the presence of coupling reagents in 
appropriate solvent . 

Typical coupling reagents include , but are not limited to 20 
1 - Hydroxy - 1H - benzotriazole ( HOBt ) , 3 - ( ethyliminomethyl 
eneamino ) - N , N - dimethylpropan - 1 - amine ( EDCI ) , 0 - 07 
azabenzotriazol - 1 - yl ) - N , N , N ' , N ' - tetramethyluronium 
hexafluorophosphate ( HATU ) and O - Benzotriazol - 1 - yl - N , ( Z - III ) 
N , N ' , N ' - tetramethyluronium tetrafluoroborate ( TBTU ) . 

Typical solvents are as defined above and prefer dichlo The compound of formula ( Z - III ) where R3 is halo can be romethane , 1 , 2 - dichloroethane , THF and N , N - dimethylfor prepared from halogenation of the compound of formula mamide . ( Z - IV ) in the presence of halogenation reagents and acid in Step 2 : 30 appropriate solvent . 
Typical halogenation reagents include , but are not limited 

to NCS , NBS , NIS and so on . R140 . 0 Typical acids include , but are not limited to , trifluoro 
acetic acid , trifluoromethanesulfonic acid , methanesulfonic 
acid , formic acid , and acetic acid . 

Typical solvents are as defined above and prefer CH , C1 , , 
CHC13 , N , N - dimethylformamide and N , N - dimethylacet 
amide . 
Step 4 : 

40 

RI - R3 

RII 
R140 . R1400 ( Z - III ) 

HO HO . 

45 R4 
R4 Day - HS y RS 

R5 = R3 R 50 
NH2 

( Z - V ) N 

R 140 
( Z - II ) 

R4 
55 

RS 

RI 

The compound of formula ( Z - II ) can be prepared from 
deprotection of the compound of formula ( Z - III ) in appro 
priate solvent . 

Typical deprotection reagents may be base , Pd / C , Lewis 
acid or R NF according to different R14 . 60 

Said base includes , but are not limited to , NaOH , KOH , ( Z - IV ) 
Na2CO3 , K2CO3 . 

Said Lewis acids include , but are not limited to AlCl3 , BF3 The compound of formula ( Z - IV ) where R " is hydrogen 
and BBrz . 65 can be prepared from cyclization of the compound of 

Typical solvents are as defined above and prefer dichlo formula ( Z - V ) in the presence of acid and tri ( C1 - C6 alkyl ) 
romethane , THF , MeOH and DMF . orthoformate in appropriate solvent . 
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Typical acids include , but are not limited to p - toluenesul The compound of formula ( Z - VI ) can be prepared from 
fonic acid , pyridinium toluene - 4 - sulphonate , methane sul the compound of formula ( Z - VII ) in the presence of depro 
fonic acid and benzenesulfonic acid . tection reagent in appropriate solvent . 

Said tri ( C , - C alkyl ) orthoformate includes Typical deprotection reagents may be acid , Pd / C , Lewis 
trimethoxymethane and triethoxymethane . 5 acid or R NF according to RlS . 

Typical solvents are as defined above and prefer MeOH , Said acid includes , but are not limited to , CF COOH . 
CH , C1 , , CHC13 , DMSO and N , N - dimethylformamide . Said Lewis acid includes , but is not limited to , BFZ and 

The compound of formula ( Z - IV ) where Rll is other than BBrz . 
hydrogen can be prepared from the reaction of the com Said deprotection reagents include oxidative reagents 
pound of formula ( Z - V ) with substituted acid ( RICOOH ) , such as , but are not limited to , ammonium eerie nitrate and 
R ! ! COMe ) z or RC ( OEt ) , in the presence of catalyst in DDQ and prefer DDQ . 
appropriate solvent . Typical solvents are as reagents above and prefer dichlo 

Typical catalyst includes , but is not limited to polyphos romethane , chloroform , MeOH and EtOH . 
phoric acids . Step 7 : 
Step 5 : 

15 

R140 20 
R1400 R1400 

P R4 RI R4 R4 
20 

R15 
R5Y ' s - SY Y R5 RS RP RS 

NH2 NH2 NH2 N3 
( Z - VI ) 25 ( Z - VIII ) 

R140 20 R140 

R4 Ry 

30 
RIS 

Rs 
NH , NH2 

( Z - V ) ( Z - VII ) 
35 

The compound of formula ( Z - VII ) can be prepared from 
The compound of formula ( Z - V ) can be prepared from the reduction of the compound of formula ( Z - VIII ) in the 

compound of formula ( Z - VI ) in the presence of reduction presence of reduction reagents in appropriate solvent . 
reagent in appropriate solvent . Typical reduction reagents include , but are not limited to 

Typical reduction reagents include , but are not limited to 40 hydrogenation catalyst , SnCl2 , PPhz , NaBH4 , BHz and 
NaBH4 , NaBH3CN , NaBH ( Ac ) 3 , Zn powder and Fe powder . Raney Ni . 

Typical solvents are as defined above and prefer the Typical solvents are as defined above and prefer metha 
mixture of THF and MeOH . nol , ethanol , ethyl acetate and THF . 
Step 6 : Step 8 : 

45 

R14020 R1400 

R4 
50 

R15 R15 
RS Y R 5 

F 
55 

NH2 
( Z - VII ) 
R1400 

( Z - IX ) 
R14020 R 1400 

R4 R4 R4 

RIS 
Y S - S Y RS y R5 R2 R 
NH2 NH2 N3 

( Z - VI ) 65 ( Z - VIII ) 
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The compound of formula ( Z - VIII ) can be prepared from 
reaction of the compound of formula ( Z - IX ) with azide in 
appropriate solvent . 

Typical azides prefer alkali azide , such as but not limited 
to NaNz and KN3 

Typical solvents are as defined above and prefer DMSO , 
N , N - dimethylformamide and N , N - dimethylacetamide . 
Step 9 : 

5 

Br 

10 R140 20 ( Z - X ) 

N 

R ? 

The compound of formula ( Z - X ) can be prepared from the 
reaction of the compound of formula ( Z - XI ) with alcohol 

15 ( R14OH ) or halide ( R14X ) in the presence of optional 
catalyst in appropriate solvent . 

Typical catalysts are selected according to different sub 
strates and include SOC12 , sulfuric acid , inorganic base 
( such as NaHCO3 , KHCO3 , Na2CO3 ) and organic base 

20 ( such as triethylamine and N - ethyl - N - isopropylpropan - 2 
amine ) . 

Typical solvents are as defined above and prefer methanol 
and ethanol . 
Step 11 : 

( Z - X ) 
R140 

R4 HN 

R15 25 

HO 20 
F HO HO 20 

( Z - IX ) R4 REV R F 30 - Br The compound of formula ( Z - IX ) can be prepared from 
the reaction of the compound of formula ( Z - X ) with mer BrYR5 captan ( RSSH ) in the presence of base , phosphine ligand Br Y R5 
and catalyst in appropriate solvent . 

Typical bases include , but are not limited to , aliphatic and ( Z - XI ) 
aromatic amine ( such as , but not limited to , N - ethyl - M ( Z - XII ) 
isopropylpropan - 2 - amine , triethylamine , diethylamine , 
DBU , t - butylamine , cyclopropanamine , dibutylamine , diiso 
propylamine , 1 , 2 - dimethylpropanamine ) , inorganic , base The compound of formula ( Z - XI ) can be prepared from 
( such as Na , CO2 , K , CO , , NaHCO , , KHCO , , ' BuON? , the reaction of the compound of formula ( Z - XII ) with the 
BUOK ) and prefer N - ethyl - N - isopropylpropan - 2 - amine . 40 following compound in the presence of strong base in 

Typical catalysts prefer Pd catalysts , such as , but are not appropriate solvent . 
limited to , tris ( dibenzylideneacetone ) dipalladium , bis 
( dibenzylideneacetone ) palladium , bis ( triphenylphosphine ) 
palladium ( II ) chloride , palladium diacetate , tetrakis ( triph 
enylphosphine palladium , bis 45 
( triphenylphosphinepalladium Jacetate and preferably select 
tris ( dibenzylideneacetone ) dipalladium . 

Typical phosphine ligands include , but are not limited to , 
dimethylbisdiphenylphosphinoxanthene , tri - tert - butylphos 
phine , tri - p - tolylphosphine , tris ( 4 - chlorophenyl ) phosphine , 50 Typical strong base include , but are not limited to LDA , 
triisopropylphosphine , tris ( 2 , 6 - dimethoxyphenyl ) phos - n - BuLi and LiHDMS . 
phine , 1 , 1 ' - bis ( diphenylphosphino ) ferrocene and preferably Typical solvents are as defined above and prefer anhy 
select dimethylbisdiphenyl phosphinoxanthene . drous THF . 

Typical solvents are as defined above and prefer dioxane . Step 12 : Step 12 : 
Step 10 : 55 

HON . 

ne . 

Br HOO HO 20 
R 

7 

R4 

o 

Br Br R5 
Br Br Y R5 

F 
F ( Z - XIII ) ( Z - XII ) 

( Z - XI ) 
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The compound of formula ( Z - XII ) can be prepared from 
the reaction of the compound of formula ( Z - XIII ) with CO2 
in the presence of strong base in appropriate solvent . 

Typical strong base include , but are not limited to LDA , 
n - BuLi and LiHDMS . 

Typical solvents are as defined above and prefer anhy 
drous THF . 

A compound of the formula ( 1 - 3 - a ) , i . e . , a compound of 
the formula ( 1 ) where X1 is CR11 , X2 is S and R is 10 
- C ( O ) N ( RS ) OR , where R3 is other than halo may be 
synthesized according to Scheme Z - 2 , wherein R ' , R ? , R , 
R4 , RS , R7 and R8 are as defined for the formula ( J ) , ( I ) or 
any variations thereof ; and each R14 and R15 is indepen 
dently benzyl , benzyl substituted with 1 to 3 methoxy 
groups , C . - C , alkyl or — SIRIÓR17R18 where R16 , R17 and 
R18 are independently selected from C1 - C10 alkyl and 
Co - C14 aryl . 

Nz 
20 R140 

R4 - 15 R15 
- Y R5 R3 

R 
NH 

0 R140 . R140 . 0 
20 R4 R4 ZE 

Scheme Z - 2 pur RY ' - SYR 
Br R2 NH2 NH2 - 

R4 25 R140 20 

Y R - 7 
30 

HS Y RS 
HO NH2 

R1400 
35 

R 
Br 

25 

40 

HO 

R11 
?? 

R4 

45 R4 
Br Y R5 R3 D - F R5 X R3 

R ? 
50 R 140 . O 

111 R 
TP 

: 
- 
- 

55 ??? 
Br Y R5 

F 

R140 . 
R5 R3 

60 

RII 
R15 

- R R3 
RP 65 The synthetic scheme ( Z - 2 ) of formula ( I - 3 - a ) compound 

wherein R ’ is other than halo is similar to the scheme ( Z - 1 ) 
of formula ( I - 1 ) wherein R is halo . The difference between 
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the two schemes is that the following aniline is used in the 
synthetic scheme ( Z - 2 ) and the corresponding Step 3 is HO . HO 
omitted . 

5 R4 

H2N RÖRÜNH 
RSV R3 

10 

RI 
( Z - II ) 

R & R ? N 20 The compound of formula ( 1 - 3 - b ) , where R1 , R2 , R3 , R4 , 
R ” , R7 and R8 are as defined for the formula ( I ) , ( I ) or any 
variations thereof , is prepared according to the method 
outlined in the following scheme : 

R4 

R5 RS R3 
HO . CO 

20 

R4 

( I - 3 - c ) RoH 
or R7X R3 

RI 
( Z - II ) 

30 

25 
The compound of formula ( 1 - 3 - c ) can be prepared from 

the reaction of the compound of formula ( Z - II ) with amine 
( R?R ’ NH ) in the presence of coupling reagents in appropri 
ate solvent . 

Typical coupling reagents include , but are not limited to 
1 - Hydroxy - 1H - benzotriazole ( HOBt ) , 3 - ( ethyliminomethyl 
eneamino ) - N , N - dimethylpropan - 1 - amine ( EDCI ) , 0 - 07 
azabenzotriazol - 1 - yl ) - N , N , N ' , N ' - tetramethyluronium 
hexafluorophosphate ( HATU ) and O - Benzotriazol - 1 - yl - N , 
N , N ' , N ' - tetramethyluronium tetrafluoroborate ( TBTU ) . 

Typical solvents are as defined above and prefer dichlo 
10 romethane , chloroform and THF . 

The compound of formula ( I - 3 - d ) , where R1 , R2 , R3 , R4 , 
RS , R7 and R8 are as defined for the formula ( I ) , ( I ) or any 
variations thereof , is prepared according to the method 
outlined in the following scheme : 

R70 

R3 R3 

45 

HO ( I - 3 - b ) 20 

so RS 
m 

RS R3 

R11 

HN 

The compound of formula ( 1 - 3 - b ) can be prepared from 30 
the reaction of the compound of formula ( Z - II ) with alcohol 
( R ' OH ) in the presence of coupling reagents or with halide 
( R²X ) in the presence of base in appropriate solvent . 

Typical coupling reagents include , but are not limited to 55 
1 - Hydroxy - 1H - benzotriazole ( HOBt ) , 3 - ethyliminomethyl 
eneamino ) - N , N - dimethylpropan - 1 - amine ( EDCI ) , 0 - ( 7 
azabenzotriazol - 1 - yl ) - N , N , N ' , N ' - tetramethyluronium 
hexafluorophosphate ( HATU ) and O - Benzotriazol - 1 - yl - N , 
N , N ' , N ' - tetramethyluronium tetrafluoroborate ( TBTU ) . 60 

Typical solvents are as defined above and prefer dichlo 
romethane , chloroform , and THF . 

The compound of formula ( I - 3 - c ) , where R1 , R² , R3 , R4 , 
R® , R7 and R8 are as defined for the formula ( I ) , ( I ) or any 65 
variations thereof , is prepared according to the method 
outlined in the following scheme : 

Ps R ? P3 

RII 
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- continued Step 2 : 
O 

j = 

O = 
HN 

R4 

R R3 

RII 
RII 

( Z - XV ) 
R ? O = 

= O 

R3 P3 
EN 

RII RII 

( Z - XIV ) 
Step 1 : 

R ? O 

The compound of formula ( Z - XIV ) can be prepared from 
30 the reaction of the compound of formula ( Z - XV ) with 

R7S0 X ( wherein X is fluoro , chloro , bromo and iodo ) in the 
presence of base and catalyst in appropriate solvent . 

Typical bases include , but are not limited to , inorganic 
base ( such as NaCO3 , K , CO2 , NaHCO3 , KHCO , , ' BUONa 
and ' BuOK ) and organic base ( such as diethylamine , trieth 
ylamine and pyridine ) and prefer triethylamine . 

Typical catalysts include , but are not limited to 4 - dim 
ethylaminopyridine ( DMAP ) . 

Typical solvents are as defined above and prefer dichlo 
romethane and chloroform . 
Step 3 : 

( Z - XIV ) 
HOO 

45 
R4 OP = O 

YRS R3 50 
As R3 50 

RI 

( Z - II ) R11 

( 1 - 3 - d ) 55 
HN 

R4 

RR R3 

The compound of formula ( 1 - 3 - d ) can be prepared from 
the compound of formula ( Z - XIV ) in the presence of base in 
appropriate solvent . 60 

Typical bases include , but are not limited to , inorganic 
base ( such as Na2CO3 , K2CO3 , NaHCO3 , KHCO3 , ' Bu?Na 
and ' BuOK ) and organic base ( such as diethylamine , trieth 
ylamine , pyridine and potassium trimethylsilanolate ) and 65 
prefer potassium trimethylsilanolate . 

Typical solvents are as defined above and prefer THF . 

Rul 

( Z - XV ) 
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The compound of formula ( Z - XV ) can be prepared from - continued 
the reaction of the compound of formula ( Z - II ) with azide in R13020 the presence of base in appropriate solvent . 

Typical bases include , but are not limited to , inorganic 
base ( such as Na2CO3 , K2CO3 , NaHCO3 , KHCO3 , ' Bu?Na 5 
and BuOK ) and organic base ( such as diethylamine , trieth 
ylamine and pyridine ) and prefer triethylamine . 

Typical azides include diphenyl phosphoryl azide ( DPPA ) R120 Y 
and ethyl carbonochloridate / NaN , and prefer diphenyl phos 
phoryl azide ( DPPA ) . 

Typical solvents are as defined above and prefer t - BuOH . 
In some embodiments , each R14 and R15 is independently HO 

benzyl , benzyl substituted with 1 - 3 methoxy , C . - C4 alkyl or 
- SIRIÓR17R18 , wherein each of R16 , R17 and R18 is inde 
pendently selected from C . - C . alkyl and C . - C10 aryl . In 15 
some embodiments , each R14 and Ris is independently 
benzyl , benzyl substituted with 1 to 2 methoxy , CZ - C4 alkyl , HO HO Y 
t - BuMe , Si , Ph2Si , EtzSi , n - PrzSi or i - PrzSi . In some 
embodiments , each R14 and R15 is independently benzyl , NH2 
0 - methoxybenzyl , m - methoxybenzyl , p - methoxybenzyl or 20 
C . - C , alkyl . In some embodiments , each R14 and R15 is HO . HOO independently benzyl , p - methoxybenzyl or methyl . 

The compound of the formula ( I ) where Xl is N , X² is O , 
R is C ( O ) NHOR " , and R3 is halo can be synthesized 
according to Scheme 4 , wherein R ' , R2 , R4 , RS and R7 are 25 
as defined for the formula ( I ) , ( I ) or any variations thereof ; 
and each R12 and R13 is independently benzyl , benzyl 
substituted with 1 to 3 methoxy groups , C7 - C , alkyl or 
- SiRlóR ? R18 where R16 , R17 and R 18 are independently 
selected from C7 - C10 alkyl and C . - C14 aryl . 

HO 

cyclization 

AR PS 
R ? 

N P 

R ? 
Bu 

NN 
30 

Scheme 4 

OH OR 12 R7O - NH2 
35 

R4 R4 F - R 
R12Br base R 
base CO2 NN 

40 

F F 

H2N 
R6 - N 

HO HO 20 

45 pe 
7 RS 
base 

R120 V NN 

F 50 
HO . HO 

R4 IZ 

The steps in Scheme 4 are illustrated further by an 
exemplary synthesis of 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) 
amino ) - N - ( 2 - hydroxy ethoxy ) benzo [ d ] [ 1 , 2 , 3 ] oxadiazole - 6 
carboxamide , according to the reactions outlined in Scheme 

R13Br or 
R130H 

55 4 . 1 . 
R120 / Y R 

Scheme 4 . 1 R130 
OH OBn 60 - base - - base 

CO2 
R120 Y R R3 F 

65 
F 
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HO F HN 

5 

base 
Bn01 NN 10 

HO . HO 20 
F HO . 

F 15 

base 

Bn01 

20 

NN 
Bno Bno O 

F 

de mere 
- a . 
e para 

Thus , in one aspect , the invention provides methods and 
25 processes for making a compound of the formula ( J ) , or a 

salt thereof , comprising coupling of a compound of the 
formula ( G ) , or a salt thereof , with a hydroxylamine deriva 
tive of the formula R ’ O - N ( R $ ) H or a salt thereof : Bn01 

- 

30 

R14 - 0 . O 
Bno . BnO 0 

R70 — N ( R8 ) H 
hydrogenation 

Yps Mp3 
Bn0 R2 

xZN 

HOO 

cyclization N . 

HO HO IZ N 
NH2 

HO 20 2 p3 R5 X - R3 , RS F 
XIN 

halogenation 

NN 

HOO 
F 

55 
wherein X1 , X² , R1 , R2 , R3 , R4 , RS , R7 and R8 are as defined 
for the formula ( I ) , ( I ) or any variations thereof , and R14 is 
hydrogen , benzyl , benzyl substituted with 1 to 3 methoxy 
groups , C . - C , alkyl or — SIRIÓR17R18 where R16 , R17 and 

60 R18 are independently selected from C7 - C10 alkyl and 
C6 - C14 aryl . 

In some embodiments , provided is a method of making a 
compound of the formula ( J ) , or a salt thereof , wherein X ! 

65 is N and X² is S , comprising coupling of a compound of the 
formula ( G - la ) , or a salt thereof , with a hydroxylamine 
derivative of the formula R ' O N ( RH or a salt thereof : 

NN 
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R14 - 0 R14 - 0 a publ . RA 
R70 — N ( R ) H 5 R ? 2 . R0 — N ( RSH R5 Y R5 X R3 

R 
NN 

10 
( G - la ) RII 

( G - 2a ) 
Z - - 

R > 
O 

? R N . 15 15 

ps RS R2 R3 : 
20 NN Ps 

( J - 1a ) 
R11 

wherein R1 , R2 , R3 , R4 , RS , R7 and R8 are as defined for the ( J - 2a ) 25 formula ( I ) , ( I ) or any variations thereof , and R14 is hydro 
gen , benzyl , benzyl substituted with 1 to 3 methoxy groups , wherein R ' , R2 , R3 , R4 , RS , R7 , R8 and R11 are as defined for C , - C alkyl or — SIRIÓR ! ? R18 where R16 , R17 and R18 are the formula ( J ) , ( I ) or any variations thereof , and R14 is independently selected from C , - C10 alkyl and Co - C14 aryl . hydrogen , benzyl , benzyl substituted with 1 to 3 methoxy 
In some embodiments , the method further comprises con - 30 on - 30 groups , C . - C , alkyl or — SIRIÓR ! ? R18 where R16 , R17 and verting a compound of the formula ( F - 1a ) or a salt thereof R18 are independently selected from C7 - C10 alkyl and R18 are ir 
to the compound of the formula ( G - 1a ) or a salt thereof : C8 - C14 aryl . In some embodiments , the method further 

comprises converting a compound of the formula ( F - 2a ) or 
a salt thereof to the compound of the formula ( G - 2a ) or a salt R14 - 0 . 35 thereof : 

R14 - 0 20 
R15 

NH2 W ( F - 1a ) HO HO Y Rs x 23 
R14 - 0 20 R2 

NH2 
( F - 2a ) ( F - 2a ) 

R14 — 0 . R 14 

{ Y RS R3 50 R4 
NN 

( G - la ) 
55 

R1 ] 

( G - 2a ) 

wherein Ris is allyl , benzyl , benzyl substituted with 1 to 3 
methoxy groups , C , - C , alkyl or — SiR16R17R18 where R16 , 
R17 and R18 are independently selected from C7 - C10 alkyl 
and Co - C14 aryl . In some embodiments , the method further 
comprises diazotization of the compound of the formula 60 
( F - 1a ) or a salt thereof . 

In some embodiments , provided is a method of making a 
compound of the formula ( I ) , or a salt thereof , wherein , X ! 
is CR11 and X2 is 0 , comprising coupling of a compound of 65 
the formula ( G - 2a ) , or a salt thereof , with a hydroxylamine 
derivative of the formula R ' 0 — N ( R $ ) H or a salt thereof : 

In some embodiments of the method where R1 is hydro 
gen , the method comprises contacting an orthoester of 
formic acid with the compound of the formula ( F - 2a ) or a 
salt thereof . 

In some embodiments , provided is a method of making a 
compound of the formula ( J ) , or a salt thereof , wherein X ! 
is CR11 and X2 is S , comprising coupling of a compound of 
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the formula ( G - 3a ) , or a salt thereof , with a hydroxylamine 
derivative of the formula R ' O N ( R $ ) H or a salt thereof : R14 - 0 . O 

R14 - 0 . O - - 
R 15 R4 R4 I 

R70 _ N ( R $ ) H NH2 
R R3 ( F - 1a ) R2 R 14 R14 — 0 . 20 

RII IZ 
( G - 3a ) 

Ró R > HS HS R5 P3 
NH2 

( F - 3a ) 

- R R . 
R 

RI ] 

( J - 3a ) 

( F - 3a ' ) 

5YRS MAR , wherein Ris is allyl , benzyl , benzyl substituted with 1 to 3 
methoxy groups , C . - C5 alkyl or SIRIR ? ? R18 where R16 , 

25 R17 and R18 are independently selected from C , - C10 alkyl 
and Co - C14 aryl . In one variation of the method , the com 
pound of the formula ( F - 1a ) or a salt thereof is converted to 
the compound of the formula ( F - 3a ) or a salt thereof via an 
intermediate of the formula ( F - 3a ' ) or a salt thereof : 

wherein R1 , R2 , R3 , R4 , RS , R7 , R8 and Rl1 are as defined for 30 
the formula ( I ) , ( I ) or any variations thereof , and R14 is 
hydrogen , benzyl , benzyl substituted with 1 to 3 methoxy 
groups , C . - C , alkyl or SiR16R17R18 where R16 , R17 and 0 0 - R14 R14 — OLO R18 are independently selected from C7 - C10 alkyl and 
C6 - C14 aryl . In some embodiments , the method further 35 R4 R4 comprises converting a compound of the formula ( F - 3a ) or 
a salt thereof to the compound of the formula ( G - 3a ) or a salt 
thereof : , R5 S - SY R5 R3 . 

NH2 NH2 

R14 - 0 
In some of these embodiments of the method where R11 

is hydrogen , the method comprises reacting an orthoester of 
formic acid with a compound of the formula ( F - 3a ) or a salt 
thereof . 

In some embodiments , provided is a method of making a HS Y R compound of the formula ( J - la ) , or a salt thereof , compris 
NH2 ing the steps according to Scheme 1A : 

ZI 

40 

P - 45 

HS 
R 

( F - 3a ) 50 

R14 – 0 R 14 20 Br Br 

LL H base 
55 dry ice 

RS RS R3 

HOO HO . H2N 

( G - 3a ) . R2V R3 
base 

Br 
In some embodiments , the method further comprises 

converting a compound of the formula ( F - 1a ) or a salt 65 
thereof to the compound of the formula ( F - 3a ) or a salt 
thereof : 
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C . - C , alkyl or SiR16R17R18 where R16 , R17 and R18 are 
independently selected from C - C10 alkyl and Co - C14 aryl . 

In some embodiments , provided is a method of making a 
R 14Br or compound of the formula ( J - 1a ) where R3 is halo , or a salt 
R14OH thereof , comprising the steps according to Scheme 1B : 5 

Br RR RE P3 
Br 

R1400 10 R4 
base 

dry ice 
R15 — SH Y R5 

Br Br Y RS R3 R2 HOO HUN F 2 si ô R140 
R 

R4 base 

Br Br Y R5 
R 15 
SY RR2 R3 

HOO 

R140 . R4 R ! R14Br or 
R14OH 

Br Br Y 
RIS RSS RIS F 

R140 . O 
N3 

R140 Ps 
R15 — SH N R4 

diazotization Br 

R15 
???? É RS R2 R140 

NH NH 
20 R140 N R4 

P 

Ro — NH 
É R ? 

R2 R1400 
NN 

N R4 R4 R 6 

7 N RS R15 

23 
R140 - 20 

NUN 60 

( J - 1a ) R4 R4 
diazotization 

R15 
s Y R5 wherein R ' , R2 , R3 , R4 , R5 and R ? are as defined for the 

formula ( I ) , ( I ) or any variations thereof , provided that R * is 65 
other than halo ; and each R14 and R15 is independently allyl , 
benzyl , benzyl substituted with 1 to 3 methoxy groups , 

NH2 
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R14020 HO HO . 20 

RI P4 R13Br or 
R130H P4 

R120 R 120 y RS P3 
RRP 

NN 10 R130 
R14020 

R4 
Py gemeente R70 — NH2 

R120 V R3 
R5 Ps 

BE R130 N N 

20 $ R RO hydrogenation 

R120 V RR R3 
25 R ? N3 

R 140 . O 
NAN 

( J - 1a ) N R4 cyclization 
30 

HO Ho ^ Y RS 
NH2 
20 R140 35 

wherein R ' , R2 , R4 , RS and R ’ are as defined for the formula 
( I ) , ( I ) or any variations thereof , and each R14 and R15 is 
independently allyl , benzyl , benzyl substituted with 1 to 3 
methoxy groups , C . - C , alkyl or SiR16R17R18 where R16 , 3 
R17 and R18 are independently selected from C7 - C10 alkyl 
and Co - C14 aryl . 

In some embodiments , provided is a method of making a 
compound of the formula ( J - 2a ) or a salt thereof , comprising 
the steps according to Scheme 2A : 

R $ 

R7O - NH2 

VR3 R3 

OH RII 
R 45 

R12Br RON 
base 4 

Y RS 

50 R3 , OR 12 

R4 
base DI1 

dry ice ( J - 2a ) 55 RS 
É 

| HO 20 HNN 
R 4 

R2V 

wherein R ' , R2 , R3 , R4 , RS , R7 and R8 are as defined for the 
formula ( J ) , ( I ) or any variations thereof , provided that R * is 
other than halo ; R14 is hydrogen , allyl or R13 ; and each R12 
and R13 is independently benzyl , benzyl substituted with 1 to 
3 methoxy groups , C . - C , alkyl or SIRIR ! ? R18 where 
R16 , R17 and R18 are independently selected from C . - C10 
alkyl and C6 - C14 aryl . 

65 In some embodiments , provided is a method of making a 
compound of the formula ( J - 2a ) , where R * is halo , or a salt 
thereof comprising the steps according to Scheme 2B : 

base 
R120 R120 Y As 

F 
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OH R1400 

F 

R12Br 
base 

Y R5 
RS 

F 

OR 12 
R4 F 

base R1400 
dry ice 

R5 R 

| R30 – NH2 

AR R2 PS R3 

HOO HNN 
Rii 

R R4 F 
R2V RO 

base 
R4 R120 

F 30 
PS 3 

HO 20 

35 
R13Br or ( J - 2a ) Py 
R130H 

R120 Y 

É 

R130 a 

wherein R ' , R ? , R4 , RS , R7 and R11 are as defined for the 
formula ( I ) , ( I ) or any variations thereof ; R14 is hydrogen , 

40 allyl or R13 ; and each R12 and R13 is independently benzyl , 
benzyl substituted with 1 to 3 methoxy groups , C , - C , alkyl 
or — SiRIÓR17R18 where R16 , R17 and R18 are independently 
selected from C - C10 alkyl and Co - C14 aryl . 

45 In some embodiments , provided is a method of making a 
compound of the formula ( J - 3a ) or a salt thereof , comprising 
the steps according to Scheme 3A : 

R4 

R120 RS 

R130 , 20 50 50 Br Br 

Ry 
R4 IZ base 

dry ice 
hydrogenation 

R120 
55 

- RR R3 
F 

N3 
R14020 

HN H2N 
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HO . HOO 

R70 R14Br or 
R140H 

ROZW 
R4 u 

Br R3 RS 
F 

10 

R140 ( J - 3a ) 
R15 . SH 

Br R ? 

15 wherein R1 , R² , R3 , R4 , RS , R7 and Rll are as defined for the 
formula ( I ) , ( I ) or any variations thereof , provided that R * is 
other than halo ; and each R14 and R15 is independently allyl , 
benzyl , benzyl substituted with 1 to 3 methoxy groups , 

20 C - C5 alkyl or — SIRIR ? ? R18 where R16 , R17 and R18 are 
independently selected from C1 - C10 alkyl and Co - C14 aryl . 

In some embodiments , provided is a method of making a 
compound of the formula ( J - 3a ) or a salt thereof , comprising 
the steps according to Scheme 3A - 1 : 
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R140 

N R4 Ry R4 TF u . R21 
RIS base Y 

10 OR14 R1400 Ho 
IZ R4 R4 

R4 para R14Br or 
R 140H R3 

15 
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R140 
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EN N3 
R1400 

45 ( J - 3a ) R4 1 
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wherein R ' , R² , R3 , R4 , RS , R7 and R1 are as defined for the 
formula ( I ) , ( I ) or any variations thereof , provided that R * is 
other than halo ; and each R14 and Ris is independently allyl , 50 
benzyl , benzyl substituted with 1 to 3 methoxy groups , 
C , - Cz alkyl or — SiRÓR17R18 where R16 , R17 and R18 are 
independently selected from C - C10 alkyl and Co - C14 aryl . 

In some embodiments , provided is a method of making a 55 
compound of the formula ( J - 3a ) where Rºis halo , or a salt 
thereof , comprising the steps according to Scheme 3B : 
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20 R140 HO HO . O 

R 
R14Br or 
R140H possono Br R5 
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RII R140 20 

R1400 R ? R15 . SH " We Z 

- Rºo — NH , Br 
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R140 

R4 

PS RIS RON Y 15 

30 R140 

( J - 3a ) ( J - 3a ) 35 RIS 
S R5 , 

R2 
N3 

R140 

wherein R ' , R2 , R4 , RS , R7 and Rll are as defined for the 
formula ( I ) , ( I ) or any variations thereof ; and each R14 and 
R15 is independently allyl , benzyl , benzyl substituted with 1 40 
to 3 methoxy groups , C , - C , alkyl or — SirlÓR17R18 where 
R16 , R17 and R18 are independently selected from C , - C10 
alkyl and Co - C14 aryl . 

In some embodiments , provided is a method of making a 45 
compound of the formula ( J - 3a ) where Rz is halo , or a salt 
thereof , comprising the steps according to Scheme 3B - 1 : 
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- continued NRSSO , RO , SO , NR R , NR $ C ( O ) R ? , C ( O ) 
NR / R8 , NR°C ( O ) NR7R8 , NR°C ( NCN ) NR / RS , 
- NR ' R ' , C . - C14 aryl , ( Co - C14 aryl ) C7 - C10 alkyl , het 

R70 — NH2 eroaryl , heteroaryl ( C7 - C10 alkyl ) , heterocycloalkyl , and het 
erocycloalkyl ( C7 - C10 alkyl ) ; 

R is H , halogen , cyano , nitro , azido , OR ? , SR7 , 
R5 X C ( O ) R ? , C ( O ) OR ? , NR $ C ( O ) ORO , OC ( O ) R ? , 

- NRSSO , RO , SO , NR7R , NR $ C ( O ) R ? , C ( O ) 
NR ? R , NR°C ( OJNR ? R8 , NR°C ( NCN ) NRRS , 

10 - NR ' R® , C7 - C10 alkyl , C2 - C10 alkenyl , C2 - C10 alkynyl , 
C3 - C10 cycloalkyl , ( C3 - C10 cycloalkyl ) C - C10 alkyl , 

S ( O ) , C - C10 alkyl ) , S ( O ) , ( CR?R ” ) mC6 - C14 aryl , ( Co 
C14 aryl ) C , - C10 alkyl , heteroaryl , ( heteroaryl ) C , - C10 alkyl , 
heterocycloalkyl , ( heterocycloalkyl ) C , - C10 alkyl , 

15 _ O ( CRR ) m - aryl , — NR ( CR8R ) m - aryl , O ( CR8R ) m 
heteroaryl , - NR ( CR?R? ) m - heteroaryl , O ( CR?R ) m - het 
erocyclyl , or — NR ( CRR ) m - heterocyclyl ; 

wherein each alkyl , alkenyl , alkynyl , cycloalkyl , aryl , 
heteroaryl , heterocycloalkyl portions is optionally substi 

20 tuted with one or more groups independently selected from 
oxo - , halogen , cyano , nitro , CF3 , azido , OR ” , - C ( O ) 

( J - 3a ) R ? , - C ( O ) OR ? , NRC ( O ) OR10 , OC ( O ) R " , 
- NR?SO , R10 , SO NR7RS , NR $ C ( O ) R ? , C ( O ) 

wherein R ' , R ? , R4 , RS , R7 and Rl1 are as defined for the NR ’ R , NR°C ( O ) NR ' RS , NR°C ( NCN ) NR ? R® , 
formula ( I ) , ( I ) or any variations thereof ; and each R14 and 25 sh R14 and 25 — NR ' R® , C . - C14 aryl , ( C6 - C14 aryl ) C7 - C10 alkyl , het 
RiS is independently allyl , benzyl , benzyl substituted with 1 eroaryl , heteroaryl ( C7 - C10 alkyl ) , heterocycloalkyl , and het 
to 3 methoxy groups , C7 - C alkyl or SiRlóR17R18 where erocycloalkyl ( C , - C10 alkyl ) ; 
R , R and R Ro is heteroaryl , heterocycloalkyl , C ( O ) OR ” , - C ( O ) 

are independently selected from C1 - C10 NR7R8 CONRSOR ? - C ( O ) ROR ? CIOC . - C . alkyl and C . - C14 aryl . 30 cycloalkyl ) , - C ( O ) ( C . - C10 alkyl ) , C ( O ) ( C6 - C14 aryl ) , 
FURTHER EMBODIMENTS OF THE C ( O ) heteroaryl or C ( O ) heterocycloalkyl ; wherein each 

group above is optionally substituted with one or more INVENTION substituents independently selected from NR ’ RS , OR ” , 
C - C10 alkyl , C2 - C10 alkenyl , C2 - C10 alkynyl , wherein each In one aspect , provided herein is a compound of formula 35 gro formula 35 group is optionally substituted with 1 or 2 substituents ( A - 1 ) , or a pharmaceuticals accepted salt , prodrug or solvate independently selected from NRPRS and OR ? ; 

thereof : each of R " , R8 and Rº is independently H , C7 - C10 alkyl , 
C2 - C10 alkenyl , C2 - C10 alkynyl , Cz - C10 cycloalkyl , ( Cz - C10 
cycloalkyl ) C - C10 alkyl , C . - C14 aryl , ( C6 - C14 aryl ) C - C10 

40 alkyl , heteroaryl , ( heteroaryl ) C , - C10 alkyl , heterocycloalkyl 
or ( heterocycloalkyl ) C - C10 alkyl ; 

wherein each alkyl , alkenyl , alkynyl , cycloalkyl , aryl , 
heteroaryl , heterocycloalkyl portions is optionally substi 
tuted with one or more groups independently selected from 

45 hydroxyl , Oxo - , halogen , cyano , nitro , CF3 , azido , 
- NR ' SOR " , SO NR ' R " , - C ( O ) R ' , - C ( O ) OROC 

( O ) R ' , - NR ' C ( O ) R " " , - NR ' C ( O ) R " , C ( O ) NR ' R " , ( A - I ) SR ' , - S ( O ) R " " , - SO _ R " " , — NR ' R " , - NR ' C ( O ) 
NR " R ' " , — NR ' C ( NCN ) NR " R " " , - OR ' , C6 - C14 aryl , het 

wherein : 50 eroaryl , ( Co - C14 alkyl ) C , - C10 alkyl , ( heteroaryl ) C7 - C10 
each of R ' , R² , R1 and R? is independently H , halogen , alkyl , heterocycloalkyl and ( heterocycloalkyl ) C7 - C10 alkyl ; 

nitro , azido , OR ? , C ( O ) R ? , - C ( O ) OR " , - NR $ C ( O ) or 
OR10 ; OC ( O ) R " , - NR SO , Rº , SO , NR ' RS , NRC R7 and R8 , together with the atom to which they are 
( O ) R ? , C ( O ) NR / R8 , NRC ( O ) NR ' RS , - NR°C ( NCN ) attached , form , a substituted or unsubstituted 3 - to 10 - mem 
NR ' RS , - NR ' R® , C7 - C10 alkyl , C2 - C10 alkenyl , C2 - C10 55 ber ring ; wherein each group is optionally substituted with 
alkynyl , Cz - C10 cycloalkyl , ( Cz - C10 cycloalkyl ) alkyl , one or more substituents independently selected from halo 
- S ( O ) ( C1 - C10 alkyl ) , - S ( O ) ( CR?R? ) m , C8 - C14 aryl , gen , cyano , nitro , CF3 , azido , NR ' SO , R " " , 
C6 - C14 arylalkyl , heteroaryl , heteroarylalkyl , heterocyclyl , - SO2NR ' R " , - C ( O ) R ' , - C ( O ) OR ' , - OC ( O ) R ' , - NRC 
heterocyclylalkyl , O ( CR?R ) m - aryl , - NR $ ( CR?R ) m - ( O ) R " " , — NR ' C ( O ) R " , - C ( O ) NR ' R " , - SR ' , - S ( O ) R " " , 
aryl , - O ( CRR ) m - heteroaryl , — NR ( CR?R ) m - heteroaryl , 60 — SO R " " , — NR ' R " , — NR ' C ( O ) NR " R " " , — NR ' C ( NCN ) 
- O ( CR®Rºm - heterocyclyl , or — NR $ ( CRÅR ) m - heterocy - NR " R " " , - OR ' , C . - C14 aryl , heteroaryl , ( Co - C14 aryl ) C - 

clyl ; Cio alkyl , ( heteroaryl ) C , - C10 alkyl , heterocycloalkyl and 
wherein each alkyl , alkenyl , alkynyl , cycloalkyl , aryl , ( heterocycloalkyl ) C , - C10 alkyl ; 

heteroaryl , heterocycloalkyl is optionally substituted with or 
one or more groups independently selected from oxo - , 65 R $ and Rº , together with the atom to which they are 
halogen , cyano , nitro , – CF3 , azido , - OR ? , - C ( O ) R ? , attached , form a substituted or unsubstituted 3 - to 10 - mem 
- COOR ? , NR $ C ( O ) OR10 , - OC ( O ) R " , ber ring ; wherein each group is optionally substituted with 

R $ 

R R3 
R 

XIN 
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one or more substituents independently selected from H , 
cyano , nitro , CF3 , azido , NR ' SOR " " , SO2NR ' R " , ( A - I - 1 ) 

- C ( O ) R ' , - C ( O ) OR , OC ( O ) R ' , - NR ' C ( O ) R " " , 
- NR ' C ( O ) R " , - C ( O ) NR ' R " , SR ' , - S ( O ) R " " , 5 
SO , R " " , - NR ' R " , NR ' C ( O ) NR " R ' " , - NR ' C ( NCN ) 

NR " R ' " , - OR ' , C6 - C14 aryl , heteroaryl , ( C6 - C14 aryl ) C , R5 
C1o alkyl , ( heteroaryl ) C - C10 alkyl , heterocycloalkyl and 
( heterocycloalkyl ) C - C10 alkyl ; 
Riº is H , C7 - C10 alkyl , C2 - C10 alkenyl , Cz - C10 alkynyl , 

Cz - C10 cycloalkyl , ( C3 - C10 cycloalkyl ) C - C10 alkyl , Co - C14 
aryl , ( Co - C14 aryl ) C - C10 alkyl , heteroaryl , ( heteroaryl ) C , ( A - I - 2 ) Clo alkyl , heterocycloalkyl or ( heterocycloalkyl ) C - C10 15 
alkyl ; 

wherein each alkyl , alkenyl , alkynyl , cycloalkyl , aryl , 
heteroaryl , heterocycloalkyl is optionally substituted with 
one or more groups independently selected from oxo - , 20 
halogen , cyano , nitro , CF3 , azido , - NR ' SO , R " " , 
- SO NR ' R " , - C ( O ) R ' , - C ( O ) OR ' , OC ( O ) R ' , - NRC 
( O ) R " " , — NR ' C ( O ) R " , - C ( O ) NR ' R " , — SR ' , - S ( O ) R " " , 
- SO _ R " " , NR ' R " , - NR ' C ( O ) NR " R " , - NR ' C ( NCN ) In some embodiments , the compound of the formula ( A - I ) 
NR " R " " , - OR ' , C . - C14 aryl , heteroaryl , ( C6 - C14 aryl ) C - 25 where X ' is CR1 and X² is O , S , or - C ( = O ) having the 
C10 alkyl , ( heteroaryl ) C - C10 alkyl , heterocycloalkyl and formula ( A - I - 1 - a ) , ( A - I - 1 - b ) or ( A - I - 1 - c ) respectively : 
( heterocycloalkyl ) C - C10 alkyl ; 

R ' , R " and R ' ' are independently H , C . - C10 alkyl , Cz - Co 
( A - 1 - 1 - a ) alkenyl , C . - C14 aryl , or ( C6 - C14 aryl ) C , - C10 alkyl ; 

R " " is C , - C10 alkyl , C2 - C alkenyl , Co - C14 aryl or ( Co - C14 
aryl ) C - C10 alkyl ; 

or 
any two of R ' , R " , R ' ' and R " " , together with the atom to 35 

which they are attached , form a 4 - to 10 - membered het 
eroaryl or heterocyclic ring , wherein each heteroaryl and 
heterocyclic rings is optionally substituted with one or more 
groups independently selected from H , cyano , nitro , trifluo 
romethyl , difluoromethoxy , trifluoromethoxy , azido , C . - C14 40 
aryl , heteroaryl , ( Co - C14 aryl ) C1 - C10 alkyl , ( heteroaryl ) C1 ( A - I - 1 - b ) C10 alkyl , heterocycloalkyl and ( heterocycloalkyl ) C - C10 
alkyl ; 

Xl is CR11 or N ; 
Rll is H , C . - C10 alkyl , C2 - C10 alkenyl , C2 - C10 alkynyl , 

C3 - C1o cycloalkyl , ( C3 - C1o cycloalkyl ) C - C10 alkyl , C . - C14 
aryl , ( C6 - C14 aryl ) C7 - C10 alkyl , heteroaryl , ( heteroaryl ) C , 
C10 alkyl , heterocycloalkyl and ( heterocycloalkyl ) C , - C10 
alkyl , ( C , - C10 alkyl ) 3 - silyl , ( C , - C10 alkyl ) 2 ( C6 - C14 aryl ) si - 50 
lyl ; wherein each alkyl , alkenyl , alkynyl , cycloalkyl , aryl , 
heteroaryl , heterocycloalkyl is optionally substituted with 
one or more groups independently selected from , oxo - , 
halogen , cyano , nitro , CFz , azido , NR ' SO , R " " , ( A - 1 - 1 - c ) 
— SO , NR ' R " , - C ( O ) R ' , - C ( O ) OR ' , - OC ( O ) R ' , — NRC 55 
( O ) R " " , — NR ' C ( O ) R " , - C ( O ) NR ' R " , SR ' , - S ( O ) R " " , 
- SO2R " " , — NR ' R " , — NR ' C ( O ) NR " R ' " , — NR ' C ( NCN ) 
NR " R " " , OR ' , C . - C14 aryl , heteroaryl , ( Co - C14 aryl ) C , 
C10 alkyl , ( heteroaryl ) C7 - C10 alkyl , heterocycloalkyl and 
( heterocycloalkyl ) C , - Co alkyl ; 

X2 is O , S or CC = 0 ) ; 
m is 0 , 1 , 2 , 3 , 4 or 5 ; and 
j is 0 , 1 or 2 . 
In some embodiments , the compound of the formula 65 In some embodiments , the compound of the formula ( A - I ) 

( A - I ) , where X is CR11 , having the formula ( A - I - 1 ) , or where Xl is N and X2 is O , S , or — CEO ) having the 
where X is N , having the formula ( A - I - 2 ) : formula ( A - I - 2 - a ) , ( A - I - 2 - b ) or ( A - I - 2 - c ) respectively : 
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Also provided are methods of making compounds of the 
formula ( A - I ) and salts , prodrugs and solvates thereof . For 
example , a compound of the formula ( A - I - 1 - a ) , ( A - 1 - 1 - b ) , 
( A - I - 2 - a ) or ( A - 1 - 2 - b ) may be prepared , according to 
Schemes A - 1 , A - 2 , A - 3 or A - 4 respectively : 
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HO . Scheme A - 4 

Br 
R4 

5 R4 R4 

- R120 R R R5 

10 

R13020 
HO 20 

N 
Is 

R120 R 120 Y R K 
RE Br 

F 
20 

R130 
HO HO c 

N 
R4 bisa 25 menyebut R 120 RS R R - R ? Br 

RE 
30 

HO 20 
R1400 

Py 
R4 I EZ 

35 

HO 
Br Br Y RR ? 

25 
NH2 

F 
40 

HO 20 
R140 

N R4 
R4 

45 

RS RIS 
R PS 

NN 
HO 20 i 

50 R1400 
P4 

4 14 : R ? R15 Bu 55 55 Ps 
NN 

N3 ZE 
R70 R140 . O 

60 R IZ 

??? R15 
PS 

NN 
NH2 



Ps 

R5 R2 
NN 

10 

Z 

RR 
N N 

N 
RO 

AR 35 ES ! RS 

NN 

30 

US 9 , 937 , 158 B2 
143 144 

- continued Preferred X1 is CR11 or N ; 
R140 20 More preferred X1 is CR11 or N ; 

Especially preferred X1 is CR11 or N ; 
Particularly preferred Xl is CR1 or N . 

5 Preferred Rilis H , C . - C . alkyl or ( C3 - C , cycloalkyl ) C ; 
Co alkyl ; 
More preferred Rll is H , C - C4 alkyl or ( Cz - Co 

cycloalkyl ) C , - C4 alkyl ; 
Especially preferred R is H or C , - C4 alkyl ; 

R140 Particularly preferred R1 is H . 
Preferred R ' , R2 , R4 and Rs are each independently H , 

halogen , C , - C10 alkyl , wherein C , - C10 alkyl is optionally 
substituted with one or more substituents independently 

5 selected from oxo - , halogen , cyano , nitro , CF3 , azido , 
OR ? , C ( O ) R ? , C ( O ) OR ? , NR $ C ( O ) ORIO , OC 

( O ) R ? , NR®SO , R10 , SO NRÖR , NR $ C ( O ) R ? , 
C ( O ) NR / R , NR°C ( O ) NRÖR , NR°C ( NCN ) NR7R , 

- NR ? R® , C6 - C14 aryl , ( C6 - C14 aryl ) C , - C10 alkyl , het 
20 eroaryl , ( heteroaryl ) C - C10 alkyl , heterocycloalkyl and ( het 

erocycloalkyl ) C , - C10 alkyl ; 
More preferred R is H , halogen , C1 - Coalkyl , halogenated 

C - C6 alkyl , halogenated C1 - C6 alkoxy , or halogenated 
alkylsulphanyl ; 

| 25 Especially preferred Rl is H , fluoro , chloro , bromo , C1 - C4 
alkyl , halogenated C , - C4 alkyl , halogenated C , - C4 alkoxy ; 

Particularly preferred R ! is fluorine , chlorine , methyl , 
wherein R ' , R2 , R3 , R4 , R3 and R11 are as described for the CF3 , CF30 . 

formula ( A - I ) , and More preferred R2 is H , halogen or CZ - C6 alkyl ; 
R ? is H , C1 - C10 alkyl , C2 - C10 alkenyl , C2 - C10 alkynyl , Especially preferred R² is H , halogen or C , - C4 alkyl ; 

Particularly preferred R² is hydrogen . C3 - C1o cycloalkyl , ( C3 - C10 cycloalkyl ) C - C10 alkyl , Co - C14 
aryl , ( C6 - C14 aryl ) C1 - C10 alkyl , heteroaryl , ( heteroaryl ) C1 More preferred R4 is more preferably H ; 
C10 alkyl , heterocycloalkyl or ( heterocycloalkyl ) C , - C10 Especially preferred R * is II ; 

Particularly preferred R4 is H . 35 alkyl ; 
wherein each alkyl , alkenyl , alkynyl , cycloalkyl , and , More preferred Ris H , halogen or C . - C . alkyl ; 

heteroaryl , heterocycloalkyl is optionally substituted with Especially preferred R is H , fluoro , chloro , bromo or 
one or more groups independently selected from oxo - . C1 - C4 alkyl ; 
halogen , cyano , nitro , CF , azido , NR ' SO , R " * Particularly preferred R is H , fluorine , chlorine or 
— SO , NR ' R " , - C ( O ) R ' , - C ( O ) OR ' , OC ( O ) R ' , — NR ' C 40 methyl . 

( O ) R " " , — NR ' C ( O ) R " , - C ( O ) NR ' R " , SR ' , - S ( O ) R " " , Preferred R ’ is H , halogen , C , C10 alkoxy , C - C10 alkyl 
- SO , R " " , — NR ' R " , — NR ' C ( O ) NR " R ' " , — NR ' C ( NCN ) sulphanyl , halogenated C , - C10 alkoxy , halogenated C . - C10 
NR " R " " , — OR ' , C . - C14 aryl , heteroaryl , ( C6 - C14 aryl ) C - alkylsulphanyl or halogenated C - C10 alkyl ; 
C10 alkyl , ( heteroaryl ) C , - C1o alkyl , heterocycloalkyl and More preferred R * is fluoro , chloro , bromo , iodo , C1 - C6 
( heterocycloalkyl ) C1 - C10 alkyl ; 45 alkoxy , C . - C6 alkyl sulphanyl , halogenated C . - C . alkoxy , 

R ' , R " and R " are independently hydrogen , C1 - C10 alkyl , halogenated C . - C . alkylsulphanyl or halogenated C . - C . 
C2 - C6 alkenyl , Co - C14 aryl , or ( Co - C14 aryl ) C - C10 alkyl ; 
alkyl ; Especially preferred R3 is bromo , iodo , C7 - C4 alkylsul 

R " " is C , - Clo alkyl , C2 - C alkenyl , Co - C14 aryl or ( Co - C14 phanyl , halogenated C1 - C4 alkoxy , or halogenated C1 - C4 aryl ) C - C10 alkyl ; 
or Particularly preferred R3 is bromo , iodo , SCH3 , any two of R ' , R " , R ' " and R " " , together with the atom to OCF3 , — CF3 . which they are attached , form a 4 - to 10 - member Preferred Róis C ( O ) NRSOR ' or - C ( O ) NR8R7 ; heteroaryl or heterocyclic ring , wherein said heteroaryl each of R7 , R8 and Rº is independently H , C , - C10 alkyl , and heterocyclic rings are optionally substituted with 55 
one or more groups independently selected from , halo C2 - C10 alkenyl , C2 - C10 alkynyl , C3 - C10 cycloalkyl , ( C3 - C10 
gen , cyano , nitro , trifluoromethyl , difluoromethoxy , cycloalkyl ) C , - C10 alkyl , C6 - C14 aryl , ( C6 - C14 aryl ) C , - C10 
trifluoromethoxy , azido , C6 - C14 aryl , heteroaryl , ( Co alkyl , heteroaryl , ( heteroaryl ) C , - C10 alkyl , heterocycloalkyl 
C14 aryl ) C - C10 alkyl , ( heteroaryl ) C - C1o alkyl , hetero or ( heterocycloalkyl ) C , - C10 alkyl ; 
cycloalkyl and ( heterocycloalkyl ) C , - C , , alkyl ; 60 wherein each alkyl , alkenyl , alkynyl , cycloalkyl , and , 

each of R12 , R13 , R14 and R15 is independently benzyl , heteroaryl , heterocycloalkyl is optionally substituted with 
benzyl substituted with 1 to 3 methoxy , C . - C , alkyl and one or more groups independently selected from hydroxyl , 
SIR1R1R18 , wherein each of R16 , R17 and R18 is inde - oxo - , halogen , cyano , nitro , CF3 , azido , - NR ' SO , R " " , 

pendently selected from C7 - C10 alkyl and Co - C14 aryl . SO NR ' R " , - C ( O ) R ' , - C ( O ) OR ' , OC ( O ) R ' , - NRC 
In some preferred embodiments , the compound is of the 65 ( O ) R " " , — NR ' C ( O ) R " , - C ( O ) NR ' R " , — SR ' , - S ( O ) R " " , 

formula ( A - I ) , where X1 , X2 , R ' , R2 , R3 , R1 , R and Roare SO2R " " , — NR ' R " , — NR ' C ( O ) NR " R " " , — NR ' C ( NCN ) 
as described as below with various degrees of preferences : NR " R " " , - OR ' , C8 - C14 aryl , heteroaryl , ( C6 - C14 aryl ) 

50 alkyl ; 

olul : 



15 
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C7 - C10 alkyl , ( heteroaryl ) C - C10 alkyl , heterocycloalkyl and Particularly preferred R is ethyl , propyl or isobutyl 
( heterocycloalkyl ) C - C10 alkyl ; substituted with 1 to 3 hydroxy groups , or ( Cz - C . 

or cycloalkyl ) CZ - C4 alkyl . 
R ' and R° , together with the atom to which they are In some preferred embodiments , the compound is of the 

attached , form a substituted or unsubstituted 3 - to 10 - mem - s formula ( A - I ) , where x1 , x2 , R1 , R2 , R3 , R4 , R5 and Rºare 
ber ring ; wherein each group is optionally substituted with as defined for the preferred variations for the X1 , X , R1 , R² , 
one or more substituents independently selected from halo - R3 R4 , R5 and R6 groups described above . 
gen , cyano , nitro , CF3 , azido , - NR ' SO , R " " , 
- SONR ' R " , - C ( O ) R ' , - C ( O ) OR ' , - OC ( O ) R ' , - NR ' C In some more preferred embodiments , the compound is of 

( O ) R " " , - NR ' C ( O ) R " , - C ( O ) NR ' R " , SR ' , - S ( O ) R " " , 2 10 the formula ( A - I ) , where X ! , X , R1 , R2 , R3 , R4 , R $ and R? 
SO , R " " , NR ' R " , NR ' C ( O ) NR " R " " , — NR ' C ( NCN ) are as defined for the more preferred variations for the X , 

NR " R " " , OR ' , C6 - C14 aryl , heteroaryl , ( C6 - C14 aryl ) C - X ? , R ' , R2 , RS , R4 , R $ and R? groups described above . 
C10 alkyl , ( heteroaryl ) C7 - C10 alkyl , heterocycloalkyl and In some especially preferred embodiments , the compound 
( heterocycloalkyl ) C , - C10 alkyl ; is of the formula ( A - I ) , where X1 , X2 , R1 , R² , R3 , R4 , R and 

or R are as defined for the especially preferred variations for 
R8 and R ' , together with the atom to which they are the X ' , XP , R , R² , R " , R4 , R and Rº groups described 

attached , form a substituted or unsubstituted 3 - to 10 - mem - above . 
ber ring ; wherein each group is optionally substituted with In some particularly preferred embodiments , the com 
one or more substituents independently selected from halo - 20 pound is of the formula ( A - I ) , where X1 , X² , R1 , R2 , R3 , R4 , 
gen , cyano , nitro , CF3 , azido , - NR ' SO , R " " , R5 and Ró are as defined for the particularly preferred 
- SO NR ' R " , - C ( O ) R ' , - C ( O ) OR ' , - OC ( O ) R ' , — NR ' C variations for the Xl , X , R1 , R2 , R3 , R4 , R5 and Ro groups 
( O ) R " " , — NR ' C ( O ) R " , - C ( O ) NR ' R " , — SR ' , - S ( O ) R " " , described above . SO , R " " , NR ' R " , NR ' C ( O ) NR " R " " , — NR ' C ( NCN ) 
NR " R ' " , — OR ' , C . - C14 aryl , heteroaryl , ( C6 - C14 aryl ) C - 25 It is intended and understood that each and every varia 
Clo alkyl , ( heteroaryl ) C - C10 alkyl , heterocycloalkyl and tions of the X1 , X² , R1 , R² , R3 , R4 , R and Rgroups of the 
( heterocycloalkyl ) C , - C10 alkyl ; compound of the formula ( A - I ) may be combined , that is , the 

Riº is hydrogen , C7 - C10 alkyl , C2 - C10 alkenyl , C2 - C10 non - preferred variations and variations with different 
alkynyl , C3 - C10 cycloalkyl , ( C3 - C10 cycloalkyl ) C , - C10 degrees of preferences as specified above for the formula 
alkyl , C . - C , 4 aryl , ( C . - C , 4 aryl ) C , - C ) , alkyl , heteroaryl , 30 ( A - I ) may be combined . Such combinations are applicable 
( heteroaryl ) C , - C10 alkyl , heterocycloalkyl or ( heterocy - to the synthetic precursors and intermediates as they are 
cloalkyl ) C - C10 alkyl ; applied to the final product in the synthetic methods and 

wherein each alkyl , alkenyl , alkynyl , cycloalkyl , aryl , schemes , for example , in Schemes A - 1 , A - 2 , A - 3 and A - 4 . 
heteroaryl , heterocycloalkyl is optionally substituted with Saturated or unsaturated hydrocarbon radicals ( e . g . , one or more groups independently selected from oxo - , 35 c . . 33 C - C10 alkyl , alkylene or alkenyl ) , as well as when they are halogen , cyano , nitro , CF3 , azido , NR ' SO , R " " , attached a heteroatom ( e . g . , alkoxy ) may be a linear or - SONR ' R " , - C ( O ) R ' , _ C ( O ) OR ' , - OC ( O ) R ' , - NR ' C branched chain . ( O ) R " " , - NR ' C ( O ) R " , - C ( O ) NR ' R " , SR ' , - S ( O ) R " " , 
- SOR " " , — NR ' R " , - NR ' C ( O ) NR " R " " , - NR ' C ( NCN ) Unless otherwise specified , any groups may be optionally 
NR " R " " . - OR ' , C . - C . , aryl , heteroaryl , ( C . - C aryl ) C , - 40 substituted with a single substituent or with multiple sub 
C10 alkyl , ( heteroaryl ) C , - C10 alkyl , heterocycloalkyl and stituents , and the substituents in a multiply substituted group 
( heterocycloalkyl ) C , - C10 alkyl ; may be the same or different . 

R ' , R " and R " " are independently hydrogen , C . - C10 alkyl , In some embodiments , provided is a compound of the 
C2 - C , alkenyl , C8 - C14 aryl , or ( Co - C14 aryl ) C , - C10 alkyl ; formula ( A - I - 1 - a - 1 ) , ( A - 1 - 1 - b - 1 ) , ( A - I - 1 - c - 1 ) , ( A - 1 - 2 - a - 1 ) , 

R " " isC1 - C10 alkyl , C2 - C6 alkenyl , C . - C14 aryl or ( C6 - C14 45 ( A - 1 - 2 - - 1 ) or ( A - 1 - 2 - c - 1 ) : 
aryl ) C , - C10 alkyl ; 
or 

( A - 1 - 1 - a - 1 ) 

EN 

any two of R ' , R " , R ' " and R " " , together with the atom to 
which they are attached , form a 4 - to 10 - member heteroaryl 
or heterocyclic ring , wherein each of heteroaryl and hetero - 50 
cyclic rings is optionally substituted with one or more 
groups independently selected from halogen , cyano , nitro , 
trifluoromethyl , difluoromethoxy , trifluoromethoxy , azido , 
C6 - C14 aryl , heteroaryl , ( Co - C14 aryl ) C - C10 alkyl , ( het 
eroaryl ) C , - C10 alkyl , heterocycloalkyl and ( heterocy - 55 
cloalkyl ) C - C10 alkyl . 
More preferred Róis - C ( O ) NR?OR ? or C ( O ) NRSR7 ; 
More preferred Ris C , - C6 alkyl substituted with 1 to 6 

hydroxy groups , or ( C3 - C10 cycloalkyl ) C , - C10 alkyl ; 
More preferred R8 is hydrogen or C , - Co alkyl . 60 
Especially preferred RÓ is C ( O ) NRSOR ? or C ( O ) 

NRSR7 ; 
Especially preferred R7 is C , - C4 alkyl substituted with 1 

to 3 hydroxy groups , or ( C3 - C , cycloalkyl ) C1 - C10 alkyl ; 
Especially preferred R is hydrogen or C - C4 alkyl . 65 
Particularly preferred R is - C ( O ) NHOR ? or C ( O ) 

NRSR7 ; 

( A - I - 1 - b - 1 ) 
R 

PR 
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( A - 1 - 1 - 0 - 1 ) 

HO 

IITTI ui 
z 

and R ! , R3 and Rs are as described in Table 4 . 
RS TABLE 4 10 

R3 R3 R : R3 R3 R : R3 RS 

( A - I - 2 - a - 1 ) a - 1 ) 1 Me 
? un P 

1 R > 
1 

ZE 

TILL???? ? ? ? ? I 

Br F F Br Me F Br H 
I F F Me F I H 
SMe F F SMe Me F SMe H 
OCF3 F F CF ; Me F OCF3 H 
Br F C1 Br Me 01 Br H 
I F CI I Me Me CII H 
SMe F CSMe Me CISMe H 
OCF3 F CIOCF ; Me COCF3 H 
Br F Me Br Me Me Br H 
I F Me I Me Me 1 H 
SMe F Me SMe Me Me SMe H 
OCF F Me OCF ; Me Me OCF , H 

20 
V R5 R3 

C 
C 
Me 
Me 
Me 
Me 

NN 

25 - 

( A - I - 2 - b - 1 ) 

N Compounds of the formula ( A - 1 ) or any variations thereof 
may be synthesized following synthetic routes illustrated in 
Schemes ( A - 1 - 1 ) , ( A - 2 - 1 ) , ( A - 3 - 1 ) and ( A - 4 - 1 ) . Ez 30 

Scheme A - 1 - 1 

NON OH OH OR 12 

F R F 
R12Br base 
base ( A - I - 2 - c - 1 ) dry ice 

$ R > 

F 
ZE HO 20 HN 

# R4 
RS R3 

base NN 
R120 

50 F Share one or a salt , prodrug or solvate thereof , wherein the C ( O ) » 
NHOR ' moiety is selected from the group consisting of : or HO 20 

P R ! R13Br or 
R130H 

HO . O , 55 
R120 RI20 V R5 ? 

R2 
OH wenn 

R 130 . O 
60 ?? your 

mahn nun 

20 and and 
HO1 R1207 - RR 65 

ÕH mu 
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R13020 HO 20 

R 

. 

hydrogenation 
R120 R120 Y R5 Bn01 

R 
N N ; 

HOJO ö HO . HO 20 

ZI 24 
cyclization 

Bn01 
R2 

NH i 
- 

F 
Bno . 

HOO F 

Bn01 - R R3 F 
Bno . 

R11 
HO 20 

R4 I 
R70 - NH2 Bno Bn01 Y 

RS N3 mR R3 HO . HO 20 
F 

RIL 

RO HO 

R4 
NH2 

HO . 
F 

R5 o R3 

( J - 3a ) 
N 

50 HO 20 
F The synthetic route according to Scheme A - 1 - 1 is further 

illustrated by a synthetic process for 4 - fluoro - 5 - ( ( 2 - fluoro 
4 - iodophenyl ) amino ) - N - ( 2 - hydroxyethoxy ) benzo [ d ] ox 
azole - 6 - carboxamide as outline in Scheme A - 1 - 1 - 1 and the 
following steps , 

Scheme A - 1 - 1 - 1 
OH OBn 60 

. 
F 

65 
F N 1 
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anhydrous THF , ethyl ether and dioxane ) was added strong 
base ( such as LDA , n - BuLi , LiHDMS ) at low temperature 
( - 50° C . - - 80° C . , prefer - 78° C . ) under nitrogen atmo 
sphere . The stirring was maintained at this temperature for 
several hours ( such as 0 . 5 - 12 h , prefer 0 . 5 - 2 h ) . The mixture 
was transferred to a bottle with dry ice . The mixture is stirred 
for some time ( such as 3 - 12 h , prefer 5 - 10 h ) , 5 - Benzoxy 
2 , 3 , 4 - trifluorobenzoic acid is obtained after conventional 

10 workup 
Step 3 : Step 1 : 

?? . HO 20 OBn F 

ZI 

20 Bn0 

Bno 

Bn01 F 

2 , 3 , 4 - Trifluorophenol was protected with hydroxy protec 5 - Benzoxy - 2 , 3 , 4 - trifluorobenzoic acid can be reacted tion reagent ( examples include BnBr , BnCl ) at ambient 25 with mbient 25 with halogenated aniline ( such as o - fluoroaniline , o - chlo 
temperature in the presence of base ( include Na2CO3 , roaniline , o - bromoaniline , o - iodoaniline ) under strong basic 
K2CO3 , NaHCO3 , KHCO3 , t - BuOK , t - Bu?Na ) in appropri - condition ( such as LDA , n - BuLi , LiHDMS ) at low tempera 
ate inert solvent ( include aliphatic and aromatic hydrocarbon ture ( - 50° C . - - 80° C . , prefer - 78° C . ) for some time ( such 
( such as pentane , hexane , heptane , cyclohexane , petroleum 30 as 3 - 12 h , prefer 5 - 10 h ) . 5 - ( Benzyloxy ) - 3 , 4 - difluoro - 2 - ( ( 2 

fluorophenyl ) amino ) benzoic acid is obtained after conven ether , petrol , gasoline , benzene , toluene , xylene ) , aliphatic tional workup . 
and aromatic halo - hydrocarbon ( such as dichloromethane , Step 4 : 1 , 2 - dichloroethane , chloroform , phenixin , chlorobenzene , 
o - dichlorobenzene ) , ether ( such as diethyl ether , dibutyl 35 
ether , glycol dimethyl ether , 2 - methoxyethyl ether , tetrahy 
drofuran , dioxane ) , ketone ( such as acetone , methyl ethyl 
ketone , methyl isopropyl ketone , methyl isobutyl ketone ) , 
ester ( such as ethyl acetate , methyl acetate ) , nitrile ( such as 
acetonitrile , propiononitrile ) , amide ( such as N , N - dimethyl 
formamide , N , N - dimethylacetamide and N - methylpyrroli 
din - 2 - one ) , DMSO , sulfolane , HMPA , DMPU , prefer 
acetone and methyl ethyl ketone ) . The reaction proceeds for 
several hours ( 3 - 12 h , prefer 5 - 10 h ) . 1 - ( Benzyloxy ) - 2 , 3 , 4 5 - ( Benzyloxy ) - 3 , 4 - difluoro - 2 - ( ( 2 - fluorophenyl ) amino ) 
trifluorobenzene is obtained after conventional workup . benzoic acid can be protected by acid or hydroxyl protection 
Step 2 : reagent ( such as BnBr , BnCl ) at ambient temperature in the 

presence of base ( includes Na2CO3 , K2CO3 , NaHCO2 , 
50 KHCO3 , t - BuOK , t - Bu?Na ) in appropriate inert solvent 

( include aliphatic and aromatic hydrocarbon ( such as pen 
tane , hexane , heptane , cyclohexane , petroleum ether , petrol , 
gasoline , benzene , toluene , xylene ) , aliphatic and aromatic 
halo - hydrocarbon ( such as dichloromethane , 1 , 2 - dichlo 
roethane , chloroform , phenixin , chlorobenzene , O - dichlo 
robenzene ) , ether ( such as diethyl ether , dibutyl ether , glycol 
dimethyl ether , 2 - methoxyethyl ether , tetrahydrofuran , diox 
ane ) , ketone ( such as acetone , methyl ethyl ketone , methyl 
isopropyl ketone , methyl isobutyl ketone ) , ester ( such as 

To a solution of 1 - benzyloxy - 23 . 4 - trifluorobenzene in 60 ethyl acetate , methyl acetate ) , nitrile ( such as acetonitrile , 
propiononitrile ) , amide ( such as N , N - dimethylformamide , appropriate inert solvent ( such as , but not limited to , ali N , N - dimethylacetamide and N - methylpyrrolidin - 2 - one ) , phatic and aromatic hydrocarbon ( such as pentane , hexane , DMSO , sulfolane , HMPA , DMPU , prefer acetone and heptane , cyclohexane , petroleum ether , petrol , gasoline , methyl ethyl ketone ) . The reaction proceeds for several 

benzene , toluene , xylene ) , ether ( such as diethyl ether , 65 hours ( 3 - 12 h , prefer 5 - 10 h ) . Benzyl 5 - ( benzyloxy ) - 3 , 4 
dibutyl ether , glycol dimethyl ether , 2 - methoxyethyl ether , difluoro - 2 - ( ( 2 - fluorophenyl ) amino ) benzoate is obtained 
tetrahydrofuran , dioxane ) , sulfolane , HMPA , DMPU , prefer after conventional workup . 

Bno 



US 9 , 937 , 158 B2 
153 153 154 154 Step 5 : Step 5 : Step 7 : 

HO . BnO 
F 

Z : Bn0 10 
N 

N3 
4 - Amino - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 - hy 

Benzyl 5 - ( benzyloxy ) - 3 , 4 - difluoro - 2 - ( ( 2 - fluorophenyl ) droxybenzoic acid can be cyclized in the presence of acid 
. 15 ( such as / J - toluenesulfonic acid , pyridinium toluene - 4 - sul amino ) benzoate can be reacted with azide ( such as NaN3 , phonate , formic acid , acetic acid , sulfuric acid ) in appropri 

KN3 ) in appropriate solvent ( include aliphatic and aromatic ate solvent ( include aliphatic and aromatic hydrocarbon 
hydrocarbon ( such as pentane , hexane , heptane , cyclo ( such as pentane , hexane , heptane , cyclohexane , petroleum 

ether , petrol , gasoline , benzene , toluene , xylene ) , aliphatic 
hexane , petroleum ether , petrol , gasoline , benzene , toluene , 20 and aromatic halo - hydrocarbon ( such as dichloromethane , 
xylene ) , aliphatic and aromatic halo - hydrocarbon ( such as 1 , 2 - dichloroethane , chloroform , phenixin , chlorobenzene , 

0 - dichlorobenzene ) , ether ( such as diethyl ether , dibutyl dichloromethane , 1 , 2 - dichloroethane , chloroform , phenixin , ether , glycol dimethyl ether , 2 - methoxyethyl ether , tetrahy 
chlorobenzene , o - dichlorobenzene ) , ether ( such as diethyl drofuran , dioxane ) , ketone ( such as acetone , methyl ethyl 
ether , dibutyl ether , glycol dimethyl ether , 2 - methoxyethyl 25 ketone , methyl isopropyl ketone , methyl isobutyl ketone ) , 

ester ( such as ethyl acetate , methyl acetate ) , nitrile ( such as ether , tetrahydrofuran , dioxane ) , ketone ( such as acetone , acetonitrile , propiononitrile ) , amide ( such as N , N - dimethyl 
methyl ethyl ketone , methyl isopropyl ketone , methyl isobu formamide , N , N - dimethylacetamide and N - methylpyrroli 
tyl ketone ) , ester ( such as ethyl acetate , methyl acetate ) , din - 2 - one ) , DMSO , sulfolane , HMPA , DMPU , prefer 

methyl acetate , ethyl acetate and trimethoxymethane ) for 
nitrile ( such as acetonitrile , propiononitrile ) , amide ( such as s some time ( 0 . 2 - 12 h , prefer 0 . 5 - 10 h ) . 4 - Fluoro - 5 - ( ( 2 - fluo 
N , N - dimethylformamide , N , N - dimethylacetamide and rophenyl ) amino ) benzo [ d ] oxazole - 6 - carboxylic acid is 

obtained after conventional workup . A - methylpyrrolidin - 2 - one ) , DMSO , sulfolane , HMPA , Step 8 : 
DMPU , prefer N , N - dimethylformamide and N , N - dimethy - , 
lacetamide ) for some time ( 1 - 12 h , prefer 3 - 10 h ) . Benzyl 

HO 4 - azido - 5 - ( benzyloxy ) - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) amino ) 
benzoate is obtained after conventional workup . 

I 

40 Step 6 : 

. HO 
F 

45 

HO 

NH2 

4 - Fluoro - 5 - ( ( 2 - fluorophenyl ) amino ) benzo [ d ] oxazole - 6 
carboxylic acid can be reacted with halogenations reagent 
( such as NIS ) in the presence of acid ( such as trifluoroacetic 
acid , trifluoromethanesulfonic acid , methanesulfonic acid , 

50 formic acid , acetic acid ) at ambient temperature in appro 
priate solvent ( include aliphatic and aromatic hydrocarbon 
( such as pentane , hexane , heptane , cyclohexane , petroleum 

Benzyl 4 - azido - 5 - ( benzyloxy ) - 3 - fluoro - 2 - ( ( 2 - fluorophe ether , petrol , gasoline , benzene , toluene , xylene ) , aliphatic 
and aromatic halo - hydrocarbon ( such as dichloromethane , nyl ) amino ) benzoate can be hydrogenated catalyzed by 

appropriate catalyst ( such as Pd / C , Pt , Ni ) in the solvent 55 1 , 2 - dichloroethane , chloroform , phenixin , chlorobenzene , 
0 - dichlorobenzene ) , ether ( such as diethyl ether , dibutyl ( include aliphatic and aromatic hydrocarbon ( such as pen ether , glycol dimethyl ether , 2 - methoxyethyl ether , tetrahy tane , hexane , heptane , cyclohexane , petroleum ether , petrol , drofuran , dioxane ) , ketone ( such as acetone , methyl ethyl gasoline , benzene , toluene , xylene ) , ether ( such as diethyl ketone , methyl isopropyl ketone , methyl isobutyl ketone ) , ether , dibutyl ether , glycol dimethyl ether , 2 - methoxyethyl 60 

ether , tetrahydrofuran , dioxane ) , ester ( such as ethyl acetate , acetonitrile , propiononitrile ) , amide ( such as N , N - dimethyl methyl acetate ) , amide ( such as N , N - dimethylformamide , formamide , N , N - dimethylacetamide and A - methylpyrroli 
N , N - dimethylacetamide and A - methylpyrrolidin - 2 - one ) , din - 2 - one ) , DMSO , sulfolane , HMPA , DMPU , prefer N , N 
DMSO , sulfolane , HMPA , DMPU , prefer methanol , ethanol , dimethylformamide and N , N - dimethylacetamide ) for some 
propan - 1 - ol and water ) for some time ( 1 - 12 h , prefer 3 - 10 h ) . 65 time ( 1 - 12 h , prefer 3 - 10 h ) . 4 - Fluoro - 5 - ( 2 - fluoro - 4 - iodo 
4 - Amino - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 - hydroxy phenyl ) amino ) benzo [ d ] oxazole - 6 - carboxylic acid is 
benzoic acid is obtained after conventional workup . obtained after conventional workup . 
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4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N - ( 2 - hydroxy 
ethoxy ) beno [ d ] oxazole - 6 - carboxamide is obtained after 
conventional workup . 

F 
Scheme A - 2 - 1 

Br 

ST 10 base 
dry ice N 

R5 

F 

HOO HNA 
F 

R21 
base 

Br R5 

F 
HO 20 

4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) benzo [ d ] ox 
azole - 6 - carboxyl can be reacted with O - ( 2 - ( vinyloxy ) ethyl ) 15 
hydroxylamine in the presence of coupling reagent ( such as 
HOBt , EDCI , HATU , TBTU ) at ambient temperature in 
appropriate solvent ( include aliphatic and aromatic hydro 
carbon ( such as pentane , hexane , heptane , cyclohexane , 
petroleum ether , petrol , gasoline , benzene , toluene , xylene ) , 20 
aliphatic and aromatic halo - hydrocarbon ( such as dichlo 
romethane , 1 , 2 - dichloroethane , chloroform , phenixin , chlo 
robenzene , o - dichlorobenzene ) , ether ( such as diethyl ether , 
dibutyl ether , glycol dimethyl ether , 2 - methoxyethyl ether , 
tetrahydrofuran , dioxane ) , ketone ( such as acetone , methyl 
ethyl ketone , methyl isopropyl ketone , methyl isobutyl 
ketone ) , ester ( such as ethyl acetate , methyl acetate ) , nitrile 
( such as acetonitrile , propiononitrile ) , amide ( such as N , N 
dimethylformamide , N , N - dimethylacetamide and N - meth - 20 
ylpyrrolidin - 2 - one ) , DMSO , sulfolane , HMPA , DMPU , pre 
fer dichloromethane , 1 , 2 - dichloroethane and N , N 
dimethylformamide ) for some time ( 1 - 12 h , prefer 3 - 10 h ) , 
4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N - ( 2 - ( viny 
loxy ) ethoxy ) benzo [ d ] oxazole - 6 - carboxamide is obtained 35 
after conventional workup . 
Step 10 : 

R4 I N . R R R14Br or R14Br or 
R140H 

Py 

Br 15 

IL 

R14020 

R15 — SH 
Pd2 ( dba ) 

Br 
R2 

?? 40 
HO . 

R140 . 

R4 
AN3 45 

RIS 
R5 7 

R2 

R140 20 

R4 ZE 
Pd / H2 

R 

N 

4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N - ( 2 - ( viny - 50 
loxyethoxy ) benzo [ d ] oxazole - 6 - carboxamide can be reacted 
in the presence of acid ( such as hydrochloric acid , sulfuric 
acid , trifluoroacetic acid ) in appropriate solvent ( include 
aliphatic and aromatic hydrocarbon ( such as pentane , 
hexane , heptane , cyclohexane , petroleum ether , petrol , gaso - 55 
line , benzene , toluene , xylene ) , aliphatic and aromatic halo 
hydrocarbon ( such as dichloromethane , 1 , 2 - dichloroethane , 
chloroform , phenixin , chlorobenzene , o - dichlorobenzene ) , 
ether ( such as diethyl ether , dibutyl ether , glycol dimethyl 
ether , 2 - methoxyethyl ether , tetrahydrofuran , dioxane ) , 60 
ketone ( such as acetone , methyl ethyl ketone , methyl iso 
propyl ketone , methyl isobutyl ketone ) , ester ( such as ethyl 
acetate , methyl acetate ) , nitrile ( such as acetonitrile , propi 
ononitrile ) , amide ( such as N , N - dimethylformamide , N , N 
dimethylacetamide and N - methylpyrrolidin - 2 - one ) , DMSO , 65 
sulfolane , HMPA , DMPU , prefer dichloromethane and 1 , 2 
dichloroethane ) for some time ( 1 - 12 h , prefer 3 - 10 h ) . 

R140 . 

= CF3COOH 
PhoMe RIS 

Y R5 
R 

NH2 



US 9 , 937 , 158 B2 
157 

- continued 
158 

- continued 
R1400 

F 

IZ R in 
cyclization 

HS Y RS Br 

NH2 
R1400 

- px you on the 
mo 

F 
Rii 

R14020 

R4 
R70 - NH2 

AR R3 

N 

N3 Ril 
30 

F Ps 
35 

RS 
F 

NH 
40 

T 

- 

The synthetic route according to Scheme A - 2 - 1 is further 
illustrated by a synthetic process for 4 - fluoro - 5 - ( ( 2 - fluoro 
4 - iodophenyl ) amino ) - N - ( 2 - hydroxyethoxy ) benzo [ d ] thiaz 
ole - 6 - carboxamide as outline in Scheme A - 2 - 1 - 1 and the 
following steps . 

HS 

NH2 Scheme A - 2 - 1 - 1 

HOO 
Br - F Br " : 

- 
HO . HO 20 . F F 

- 

HNE Br y 

N 
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prefer anhydrous THF , ethyl ether and dioxane ) at low 
temperature ( - 50° C . - - 80° C . , prefer – 78° C . ) for some time 
( such as 3 - 12 h , prefer 5 - 10 h ) . 5 - Bromo - 3 , 4 - difluoro - 2 - ( ( 2 
fluorophenyl ) amino ) benzoic acid is obtained after conven 

5 tional workup . 
Step 3 : 

F 

N 

F 10 
HO . 

- 

Br F 
15 

F 

F 

Br F 

F 

5 - Bromo - 3 , 4 - difluoro - 2 - ( ( 2 - fluorophenyl ) amino ) benzoic 
acid can be reacted with MeOH in the presence of SOC , in 

Step 1 : appropriate solvent ( include aliphatic and aromatic hydro 
carbon ( such as pentane , hexane , heptane , cyclohexane , 
petroleum ether , petrol , gasoline , benzene , toluene , xylene ) , 

HOZO aliphatic and aromatic halo - hydrocarbon ( such as dichlo 
25 romethane , 1 , 2 - dichloroethane , chloroform , phenixin , chlo 

robenzene , o - dichlorobenzene ) , ether ( such as diethyl ether , 
dibutyl ether , glycol dimethyl ether , 2 - methoxyethyl ether , 
tetrahydrofuran , dioxane ) , ketone ( such as acetone , methyl 

BrYF ethyl ketone , methyl isopropyl ketone , methyl isobutyl 
30 ketone ) , ester ( such as ethyl acetate , methyl acetate ) , nitrile 

( such as acetonitrile , propiononitrile ) , amide ( such as N , N 
dimethylformamide , N , N - dimethylacetamide and N - meth 

To a solution of 2 , 3 , 4 - trifluorobromobenzene in appropri - ylpyrrolidin - 2 - one ) , DMSO , sulfolane , HMPA , DMPU , pre 
ate solvent ( include aliphatic and aromatic hydrocarbon fer methanol and ethanol ) . The reaction proceeds for several 
( such as pentane , hexane , heptane , cyclohexane , petroleum 35 hou eum 35 hours ( 3 - 12 h , prefer 5 - 10 h ) . Methyl 5 - bromo - 3 , 4 - difluoro 
ether , petrol , gasoline , benzene , toluene , xylene ) , ether ( such 2 - ( ( 2 - fluorophenyl ) amino ) benzoate is obtained after con 
as diethyl ether , dibutyl ether , glycol dimethyl ether , ventional workup . 
2 - methoxyethyl ether , tetrahydrofuran , dioxane ) , sulfolane , Step 4 : 
HMPA , DMPU , prefer anhydrous THF , ethyl ether and 
dioxane ) was added strong base ( such as LDA , nBuLi , 40 
LiHDMS ) at low temperature ( - 50° C . - - 80° C . , prefer – 78° 
C . ) under nitrogen atmosphere . The reaction is kept stirring 
for some time ( 0 . 5 - 12 h , prefer 0 . 5 - 2 h ) and is added dry ice . 
After several hours ( 3 - 12 h , prefer 5 - 10 h ) , 5 - bromo - 2 , 3 , 4 
trifluorobenzoic acid is obtained after conventional workup . 
Step 2 : 

F 

45 up 

HO 
50 - T ) 

I Br 

To a solution of methyl 5 - bromo - 3 , 4 - difluoro - 2 - ( ( 2 - fluo 
rophenyl ) amino ) benzoate in appropriate solvent ( include 
aliphatic and aromatic hydrocarbon ( such as pentane , 
hexane , heptane , cyclohexane , petroleum ether , petrol , gaso 
line , benzene , toluene , xylene ) , ether ( such as diethyl ether , 
dibutyl ether , glycol dimethyl ether , 2 - methoxyethyl ether , 
tetrahydrofuran , dioxane ) , ester ( such as ethyl acetate , 
methyl acetate ) , nitrile ( such as acetonitrile , propiononi 

5 - Bromo - 2 , 3 , 4 - trifluorobenzoic acid can be reacted with trile ) , amide ( such as N , N - dimethylformamide , N , N - dim 
halogenated aniline ( such as o - fluoroaniline , 0 - chloroani - 60 ethylacetamide and N , N - methylpyrrolidin - 2 - one ) , DMSO , 
line , o - bromoaniline , o - iodoaniline ) in the presence of base sulfolane , HMPA , DMPU , prefer dioxane ) was added base 
( such as LDA , n - BuLi , LiHDMS ) in appropriate solvent ( such as aliphatic and aromatic amine ( such as , but not 
( include aliphatic and aromatic hydrocarbon ( such as pen limited to , N - ethyl - N - isopropylpropan - 2 - amine , triethylam 
tane , hexane , heptane , cyclohexane , petroleum ether , petrol , ine , diethylamine , DBU , t - butylamine , cyclopropanamine , 
gasoline , benzene , toluene , xylene ) , ether ( such as diethyl 65 dibutylamine , diisopropylamine , 1 , 2 - dimethylpropan 
ether , dibutyl ether , glycol dimethyl ether , 2 - methoxyethylamine ) , inorganic base ( such as Na2CO3 , K2CO3 , NaHCO3 , 
ether , tetrahydrofuran , dioxane ) , sulfolane , HMPA , DMPU , KHCO3 , t - Bu?Na , t - BuOK ) , prefer N - ethyl - N - isopropyl 
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propan - 2 - amine ) at ambient temperature under nitrogen the solvent ( include aliphatic and aromatic hydrocarbon 
atmosphere , followed by Pd catalyst ( such as tris ( diben - ( such as pentane , hexane , heptane , cyclohexane , petroleum 
zylideneacetone ) dipalladium , bis ( dibenzylideneacetone ) ether , petrol , gasoline , benzene , toluene , xylene ) , ether ( such 
palladium , bis ( triphenylphosphine ) palladium ( IT ) chloride , as diethyl ether , dibutyl ether , glycol dimethyl ether , 
palladium diacetate , tetrakis ( triphenylphosphine ) palladium , 5 2 - methoxyethyl ether , tetrahydrofuran , dioxane ) , ester ( such 
bis ( triphenylphosphinepalladium Jacetate , prefer tris ( diben as ethyl acetate , methyl acetate ) , amide ( such as N , N 
zylideneacetone ) dipalladium ) and phosphine ligand ( such dimethylformamide , N , N - dimethylacetamide and N - meth 
as dimethylbisdiphenylphosphinoxanthene , tri - tert - butyl ylpyrrolidin - 2 - one ) , DMSO , sulfolane , HMPA , DMPU , pre 
phosphine , tri - p - tolylphosphine , tris ( 4 - chlorophenyl ) phos fer methanol , ethanol , propan - 1 - ol and water ) for some time 
phine , triisopropylphosphine , tris ( 2 , 6 - dimethoxyphenyl ) 1 ) 10 ( 1 - 12 h , prefer 3 - 10 h ) . Methyl 4 - amino - 3 - fluoro - 2 - ( ( 2 
phosphine , 1 , 1 ' - bis ( diphenylphosphino ) ferrocene , prefer fluorophenyl ) amino ) - 5 - ( ( 4 - methoxybenzyl ) thio ) benzoate is 
dimethylbisdiphenylphosphinoxanthene ) . The reaction is obtained after conventional workup . 
kept stirring at high temperature ( 80 - 130° C . , prefer 90 - 110 Step 7 : 
C . ) for some time ( 8 - 24 h , prefer 12 - 18 h ) . Methyl 3 , 4 - 15 
difluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 - ( ( 4 - methoxybenzyl ) 
thio ) benzoate is obtained after conventional workup . 
Step 5 : - 

20 

F HS F 

NH2 
25 

N3 

F 

4 - Amino - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 - ( ( 4 
methoxybenzyl ) thio ) benzoate can be deprotected in the 
presence of acid ( such as CF COOH , HCOOH , CH2COOH 
and n - C3H2COOH , prefer CF3COOH ) at certain tempera 

30 ture ( 20 - 75° C . , prefer 25 - 75° C . ) in appropriate aromatic 
Methyl 3 , 4 - difluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 - ( ( 4 aliphatic ether ( such as anisole and phenetole , prefer anisole ) 

methoxy benzyl ) thio ) benzoate can be reacted with azide for some time ( 1 - 12 h , prefer 3 - 10 h ) . Methyl 4 - amino - 3 
( such as NaN3 , KN3 ) at high temperature ( 60 - 120° C . , prefer fluoro - 2 - ( 2 - fluorophenyl ) amino ) - 5 - mercaptobenzoate is 
80 - 100° C . ) in appropriate solvent ( include aliphatic and obtained after conventional workup . 
aromatic hydrocarbon ( such as pentane , hexane , heptane , 35 Step 8 : 
cyclohexane , petroleum ether , petrol , gasoline , benzene , 
toluene , xylene ) , aliphatic and aromatic halo - hydrocarbon 
( such as dichloromethane , 1 , 2 - dichloroethane , chloroform , 
phenixin , chlorobenzene , 0 - dichlorobenzene ) , ether ( such as 
diethyl ether , dibutyl ether , glycol dimethyl ether , 40 
2 - methoxyethyl ether , tetrahydrofuran , dioxane ) , ketone 
( such as acetone , methyl ethyl ketone , methyl isopropyl 
ketone , methyl isobutyl ketone ) , ester ( such as ethyl acetate , 
methyl acetate ) , nitrile ( such as acetonitrile , propiononi 
trile ) , amide ( such as N , N - dimethylformamide , N , N - dim - 45 
ethylacetamide and N - methylpyrrolidin - 2 - one ) , DMSO , sul 
folane , HMPA , DMPU , prefer N , N - dimethylformamide and Methyl 4 - amino - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 
N , N - dimethylacetamide ) for some time ( 1 - 12 h , prefer 3 - 10 mercapto benzoate can be cyclized in the presence of acid 
h ) . Methyl 4 - azido - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 - ( such as p - toluenesulfonic acid , pyridinium toluene - 4 - sul 
( ( 4 - methoxybenzyl ) thio ) benzoate is obtained after conven - 50 phonate , formic acid , acetic acid , sulfuric acid ) in appropri 
tional workup . ate solvent ( include aliphatic and aromatic hydrocarbon 
Step 6 : ( such as pentane , hexane , heptane , cyclohexane , petroleum 

ether , petrol , gasoline , benzene , toluene , xylene ) , aliphatic 
and aromatic halo - hydrocarbon ( such as dichloromethane , 
1 , 2 - dichloroethane , chloroform , phenixin , chlorobenzene , 
o - dichlorobenzene ) , ether ( such as diethyl ether , dibutyl 
ether , glycol dimethyl ether , 2 - methoxyethyl ether , tetrahy 
drofuran , dioxane ) , ketone ( such as acetone , methyl ethyl 
ketone , methyl isopropyl ketone , methyl isobutyl ketone ) , 

60 ester ( such as ethyl acetate , methyl acetate ) , nitrile ( such as 
acetonitrile , propiononitrile ) , amide ( such as N , N - dimethyl 

NH2 formamide , N , N - dimethylacetamide and N - methylpyrroli 
din - 2 - one ) , DMSO , sulfolane , HMPA , DMPU , prefer 
methyl acetate , ethyl acetate and trimethoxymethane ) for 

Methyl 4 - azido - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) amino ) - 5 - 65 some time ( 0 . 2 - 12 h , prefer 0 . 5 - 10 h ) . Methyl 4 - fluoro - 5 
( ( 4 - methoxy benzyl ) thio ) benzoate can be hydrogenated ( ( 2 - fluorophenyl ) amino ) benzo [ d ] thiazole - 6 - carboxylate is 
catalyzed by appropriate catalyst ( such as Pd / C , Pt , Ni ) in obtained after conventional workup . 

F og 
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h ) . 4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N - ( 2 - ( viny 
loxy ) ethoxy ) benzo [ d ] thiazole - 6 - carboxamide is obtained 
after conventional workup . 
Step 11 : F 

HO . HO 
F 

10 

Methyl 4 - fluoro - 5 - ( ( 2 - fluorophenyl ) amino ) benzo [ d ] thi 
azole - 6 - carboxylate can be reacted with halogenations 
reagent ( such as NIS ) in the presence of acid ( such as 
trifluoroacetic acid , trifluoromethanesulfonic acid , methane 
sulfonic acid , formic acid , acetic acid ) at ambient tempera 4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) - N - ( 2 - ( viny 
ture in appropriate solvent ( include aliphatic and aromatic loxy ) ethoxy ) benzo [ d ] thiazole - 6 - carboxamide can be 
hydrocarbon ( such as pentane , hexane , heptane , cyclo - 20 reacted in the presence of acid ( such as HC1 , H2SO4 , 
hexane , petroleum ether , petrol , gasoline , benzene , toluene , trifluoroacetic acid ) in appropriate solvent ( include aliphatic 
xylene ) , aliphatic and aromatic halo - hydrocarbon ( such as and aromatic hydrocarbon ( such as pentane , hexane , hep 
dichloromethane , 1 , 2 - dichloroethane , chloroform , phenixin , tane , cyclohexane , petroleum ether , petrol , gasoline , ben 
chlorobenzene , o - dichlorobenzene ) , ether ( such as diethyl zene , toluene , xylene ) , aliphatic and aromatic halo - hydro 
ether , dibutyl ether , glycol dimethyl ether , 2 - methoxyethyl 25 carbon ( such as dichloromethane , 1 , 2 - dichloroethane , 
ether , tetrahydrofuran , dioxane ) , ketone ( such as acetone , chloroform , phenixin , chlorobenzene , o - dichlorobenzene ) , 
methyl ethyl ketone , methyl isopropyl ketone , methyl isobu - ether ( such as diethyl ether , dibutyl ether , glycol dimethyl 
tyl ketone ) , ester ( such as ethyl acetate , methyl acetate ) , ether , 2 - methoxyethyl ether , tetrahydrofuran , dioxane ) , 
nitrile ( such as acetonitrile , propiononitrile ) , amide ( such as ketone ( such as acetone , methyl ethyl ketone , methyl iso 
NN dimethylformamide , N , N - dimethylacetamide and 30 propyl ketone , methyl isobutyl ketone ) , ester ( such as ethyl 
A - methylpyrrolidin - 2 - one ) , DMSO , sulfolane , HMPA , acetate , methyl acetate ) , nitrile ( such as acetonitrile , propi DMPU , prefer N , N - dimethylformamide and N , N - dimethy ononitrile ) , amide ( such as N , N - dimethylformamide , N , N lacetamide ) for some time ( 1 - 12 h , prefer 3 - 10 h ) . Methyl dimethylacetamide and N - methylpyrrolidin - 2 - one ) , DMSO , 
4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) benzo [ d ] thiaz sulfolane , HMPA , DMPU , prefer dichloromethane and 1 , 2 ole - 6 - carboxylate is obtained after conventional workup . 35 dichloroethane ) for some time ( 1 - 12 h , prefer 3 - 10 h ) . Step 10 : 4 - Fluoro - 5 - ( 2 - fluoro - 4 - iodophenyl ) amino ) - N - ( 2 - hydroxy 

ethoxy ) benzo [ d ] oxazole - 6 - carboxamide is obtained after 
conventional workup . 

F 40 

HN Scheme A - 3 - 1 

?? OR 12 

24 I 45 R4 45 R4 F RA 
R12Br R12B1 , base 

L base CO2 
RS 

HO . HO 20 HN 

R4 

base 

R120 Y 

4 - Fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) benzo [ d ] thi 
azole - 6 - carboxylic acid can be reacted with O - ( 2 - ( vinyloxy ) 50 
ethyl ) hydroxylamine in the presence of coupling reagent 
( such as HOBt , EDCI , HATU , TBTU ) at ambient tempera 
ture in appropriate solvent ( include aliphatic and aromatic 
hydrocarbon ( such as pentane , hexane , heptane , cyclo 
hexane , petroleum ether , petrol , gasoline , benzene , toluene , 55 
xylene ) , aliphatic and aromatic halo - hydrocarbon ( such as 
dichloromethane , 1 , 2 - dichloroethane , chloroform , phenixin , 
chlorobenzene , o - dichlorobenzene ) , ether ( such as diethyl 
ether , dibutyl ether , glycol dimethyl ether , 2 - methoxyethyl 
ether , tetrahydrofuran , dioxane ) , ketone ( such as acetone , 60 
methyl ethyl ketone , methyl isopropyl ketone , methyl isobu 
tyl ketone ) , ester ( such as ethyl acetate , methyl acetate ) , 
nitrile ( such as acetonitrile , propiononitrile ) , amide ( such as 
N , N - dimethylformamide , N , N - dimethylacetamide and 
N - methylpyrrolidin - 2 - one ) , DMSO , sulfolane , HMPA , 65 
DMPU , prefer dichloromethane , 1 , 2 - dichloroethane and 
N , N - dimethylformamide ) for some time ( 1 - 12 h , prefer 3 - 10 

F 
HOO 

R ! R13Br or 
R130H 

R120 Y R5 
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- continued 
R1300 Scheme A - 3 - 1 - 1 

OH OBn IZ 5 NaN F F 
LDA BnBr 

NaCO3 R120 R5 CO2 
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HO 20 
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hydrogenation 
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= F 
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HO 
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HO HO Y RR 25 

30 
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35 NaN3 
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HOO hydrogenation 
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50 R5 R3 HO HO 20 
RE 

- NN 
HCI 

NaNO , RO 55 
HO HOY T ] 

NH2 
HOO LR 60 RS F 

NN 
NIS 

The synthetic route according to Scheme A - 3 - 1 is further 
illustrated by a synthetic route for 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - 65 
iodophenyl ) amino ) - N - ( 2 - hydroxyethoxy ) benzo [ d ] [ 1 , 2 , 3 ] 
oxadiazole - 6 - carboxamide as outline in Scheme A - 3 - 1 - 1 . 

NN 
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- continued 
20 HOO R140 

F 
z Pa 

HOBt / EDCI NaN3 
R15 F - NH2 RS 

R2 NN 
10 

R140 - was CH2Cl2 
HCI 15 R4 R 

Pd / H , a R 15 
NAN RS RS 

R ? 
20 N3 

HO . N 
F 

R140 
25 

F R4 
NN diazotization 

R15 RAS PS 
30 

NH2 

Scheme A - 4 - 1 

Br R140 
35 

F F base 
dry ice 

5 
40 R 

T 

NN 
HO 0 HON 

IS 
45 R140 . 

R2 
base 

R 
Br ? 

R70 - NH2 017 
50 

O HO RS R RP 
NN Ry 

R 14 Br or R140H 
55 RON 

Br Y RS 

R140 R3 
R ? 

R4 NN 
R15 — SH 
Pd ( dba ) 3 

Br PS The synthetic route according to Scheme A - 1 - 1 is further 
65 illustrated by a synthetic process for 4 - fluoro - 5 - ( ( 2 - fluoro 

4 - iodophenyl ) amino ) - N - ( 2 - hydroxyethoxy ) benzo [ d ] [ 1 , 2 , 3 ] 
thiadiazole - 6 - carboxamide as outline in Scheme A - 4 - 1 - 1 . 

F 
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- continued 
Scheme A - 4 - 1 - 1 ZOO 
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! 

CoACNH , - NH2 LiHMDS LDA 
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In the synthetic processes described in Schemes ( A - 1 - 1 ) , 
( A - 2 - 1 ) , ( A - 3 - 1 ) and ( A - 4 - 1 ) , R1 , R² , R3 , R4 , R and Rll are 
as defined for the formula ( A - I ) or any variations thereof , 
such as the preferred variations , the more preferred varia 
tions , the especially preferred variations and the particularly 
preferred variations of R1 , R2 , R3 , R4 , R $ and Rll as describe 

35 here above , or any combinations thereof . 
Preferred R ’ is H , C7 - C10 alkyl , C2 - C10 alkenyl , C2 - C10 

alkynyl , Cz - C10 cycloalkyl , ( Cz - C10 cycloalkyl ) C - C10 
alkyl , Co - C14 aryl , ( C . - C14 aryl ) C - Cio alkyl , heteroaryl , 
( heteroaryl ) C , - C10 alkyl , heterocycloalkyl or ( heterocy 

40 cloalkyl ) C1 - C10 alkyl ; 
wherein each alkyl , alkenyl , alkynyl , cycloalkyl , and , 

heteroaryl and heterocycloalkyl is optionally substituted 
with one or more groups independently selected from 
hydroxyl , oxo - , halogen , cyano , nitro , CF3 , azido , 

45 — NR ' SO , R " " , — SO NR ' R " , - C ( O ) R ' , - C ( O ) OR ' , OC 
( O ) R ' , — NR ' C ( O ) R " " , — NR ' C ( O ) R " , C ( O ) NR ' R " , 
SR ' , - S ( O ) R " " , SO , R " " , - NR ' R " , - NR ' C ( O ) 

NR " R ' " , - NR ' C ( NCN ) NR " R ' ' , _ OR ' , C . - C14 aryl , het 
eroaryl , ( C6 - C14 aryl ) C - C10 alkyl , ( heteroaryl ) C - C10 alkyl , 
heterocycloalkyl and ( heterocycloalkyl ) C , - C10 alkyl ; 

R ' , R " and R ' ' are independently H , C . - C10 alkyl , C2 - C6 
alkenyl , C8 - C14 aryl , or ( Co - C14 aryl ) C - C10 alkyl ; 

R " " is C - C10 alkyl , C2 - C6 alkenyl , Co - C14 aryl or ( C8 - C14 
55 aryl ) C1 - C10 alkyl ; 

or any two of R ' , R " , R ' " and R " " , together with the atom 
to which they are attached , form a 4 - to 10 - member het 
eroaryl or heterocyclic ring , wherein said heteroaryl and 
heterocyclic rings are optionally substituted with one or 

60 more groups independently selected from halogen , cyano , 
nitro , trifluoromethyl , difluoromethoxy , trifluoromethoxy , 
azido , C . - C14 aryl , heteroaryl , ( C . - C14 aryl ) C7 - C10 alkyl , 
( heteroaryl ) C - C10 alkyl , heterocycloalkyl and ( heterocy 
cloalkyl ) C - C10 alkyl ; 

65 More preferred R ’ is C . - C . alkyl optionally substituted 
with 1 to 6 hydroxy groups , or ( C3 - C10 cycloalkyl ) C1 - C10 
alkyl ; 

1 ) 

diazotization 

NH2 
I 

IZ 
NIS 

NN 
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Especially preferred R ? is C / - C4 alkyl optionally substi - a compound of the formula ( I ) , ( I ) , ( K ) , ( A - I ) or any 
tuted with 1 to 3 hydroxy groups , or ( Cz - Cg cycloalkyl ) variations thereof , and a pharmaceutically acceptable car 
C , - Co alkyl ; rier . The pharmaceutical compositions containing the active 

Particularly preferred Ris ethyl , propyl or isobutyl which ingredient may be in a form suitable for oral use , for 
are optionally substituted with 1 to 3 hydroxy groups , or 5 example , as tablets , troches , lozenges , aqueous or oily 
( C3 - Co cycloalkyl ) C - C4 alkyl ; suspensions , dispersible powders or granules , emulsions , 

Preferred R12 , R13 , R14 and R15 are independently benzyl , hard or soft capsules , or syrups or elixirs . Compositions benzyl substituted with 1 to 3 methoxy , C2 - C4 alkyl , or intended for oral use may be prepared according to any - SiR1R17R18 , wherein R16 , R17 and R18 are independently method known to the art for the manufacture of pharma selected from C , - C10 alkyl and C . - C14 aryl ; ceutical compositions and such compositions may contain More preferred R12 , R13 , R14 and R15 are independently one or more agents selected from the group consisting of benzyl , benzyl substituted with 1 to 2 methoxy , C . - C4 alkyl , 
tert - butyldimethylsilyl , triphenylsilyl , trimethylsilyl , trieth sweetening agents , flavoring agents , coloring agents and 
ylsilyl , tripropylsilyl or triisopropylsilyl ; preserving agents in order to provide pharmaceutically 

Especially preferred R12 R13 R14 and R 15 are indepen - 15 elegant and palatable preparations . Tablets contain the active 
dently benzyl , O - methoxybenzyl , m - methoxybenzyl , ingredient in admixture with non - toxic pharmaceutically 
p - methoxybenzyl or C , - C2 alkyl ; acceptable excipients which are suitable for the manufacture 

Particularly preferred R12 , R13 , R14 and R15 are indepen of tablets . These excipients may be , for example , inert 
dently benzyl , p - methoxybenzyl or methyl . diluents , such as calcium carbonate , sodium carbonate , 
Pharmaceutical Compositions 20 lactose , calcium phosphate or sodium phosphate , granulat 

Pharmaceutical compositions of any of the compounds ing and disintegrating agents , for example , microcrystalline 
detailed herein are embraced by this invention . Thus , the cellulose , sodium crosscarmellose , corn starch , or alginic 
invention includes pharmaceutical compositions comprising acid ; binding agents , for example starch , gelatin , polyvi 
a compound of the invention or a pharmaceutically accept - nylpyrrolidone or acacia , and lubricating agents , for 
able salt thereof and a pharmaceutically acceptable carrier or 25 example , magnesium stearate , stearic acid or talc . The 
excipient . In one aspect , the pharmaceutically acceptable tablets may be uncoated or they may be coated by known 
salt is an acid addition salt , such as a salt formed with an techniques to mask the unpleasant taste of the drug or delay 
inorganic or organic acid . Pharmaceutical compositions disintegration and absorption in the gastrointestinal tract and 
according to the invention may take a form suitable for oral , thereby provide a sustained action over a longer period . For 
buccal , parenteral , nasal , topical or rectal administration or 30 example , a water soluble taste masking material such as 
a form suitable for administration by inhalation . hydroxypropylmethylcellulose or hydroxypropylcellulose , 

The present invention embraces the free base of com - or a time delay material such as ethyl cellulose , cellulose 
pounds detailed herein , such as a compound of the formula acetate butyrate may be employed . 
( I ) , ( J ) , ( K ) , ( A - I ) or any variations thereof , as well as the Medical Uses 
pharmaceutically acceptable salts and stereoisomers thereof . 35 Benzoheterocyclic compounds of the invention , such as 
The compounds of the present invention can be protonated such as benzothiadiazole , benzoxazole and benzothiazole 
at the N atom ( s ) of an amine and / or N containing hetero - derivatives detailed herein , are inhibitors of protein kinases 
cycle moiety to form a salt . The term “ free base ” refers to the such as MEK . The compounds may be useful in the treat 
amine compounds in non - salt form . The encompassed phar - ment of conditions or disorders where the MEK cascade is 
maceutically acceptable salts not only include the salts 40 implicated such as cancer and inflammatory diseases . 
exemplified for the specific compounds described herein , The invention provides compounds for use in the treat 
but also all the typical pharmaceutically acceptable salts of ment or prevention of diseases or conditions which can be 
the free form of compounds detailed herein , such as a ameliorated by the inhibition of MEK . Thus , the present 
compound of the formula ( I ) , ( J ) , ( K ) , ( A - I ) or any variations invention provides a compound , such as a compound of the 
thereof . The free form of the specific salt compounds 45 formula ( I ) , ( J ) , ( K ) , ( A - I ) or any variations thereof , for use 
described may be isolated using techniques known in the art . in the manufacture of a medicament for the treatment or 
For example , the free form may be regenerated by treating prevention of diseases or conditions which can be amelio 
a salt with a suitable dilute aqueous base solution such as rated by the inhibition of MEK , such as cancer , acute and 
dilute aqueous NaOH , potassium carbonate , ammonia and chronic inflammatory disease , a skin disease , diabetes , an 
sodium bicarbonate . The free base forms may differ from 50 eye disease , vasculogenesis , angiogenesis , or chronic pain . 
their respective salt forms somewhat in certain physical In some embodiments , the disease or conditions treatable 
properties , such as solubility in polar solvents , but the acid may include tumor ( non - limiting examples include : heman 
and base salts are otherwise pharmaceutically equivalent to gioma , glioma , melanoma , Kaposi ' s sarcoma , ovarian can 
their respective free forms for purposes of the invention . cer , breast cancer , lung cancer , pancreatic cancer , prostate 

The pharmaceutically acceptable salts of the instant com - 55 cancer , colon cancer , colorectal cancer and gastrointestinal 
pounds can be synthesized from the compounds of this cancer ) , chronic inflammatory disease ( non - limiting 
invention which contain a basic or acidic moiety by con - examples include : rheumatoid arthritis ) , disease related to 
ventional chemical methods . Generally , the salts of the basic vasculogenesis or angiogenesis of mammals , atherosclero 
compounds are prepared either by ion exchange chromatog - sis , inflammatory bowel disease , dermatopathya ( non - limit 
raphy or by reacting the free base with stoichiometric 60 ing examples include : psoriasis , excema and sceroderma ) , 
amounts or with an excess of the desired salt - forming diabetes mellitus , diabetic retinopathy , retinopathy of pre 
inorganic or organic acid in a suitable solvent or various maturity , age - related macular degeneration , diseases related 
combinations of solvents . Similarly , the salts of the acidic to chronic pain ( including neuralgia and pain arising from 
compounds are formed by reactions with the appropriate other diseases related to MEK , non - limiting examples 
inorganic or organic base . 65 include : phantom limb pain , burn pain , gout , trigeminal 

The invention also provides pharmaceutical compositions neuralgia , acute herpetic , postherpetic pain , causalgia , dia 
comprising one or more compounds detailed herein , such as betic neuropathy , plexus avulsion , neuroma , vasculitis , 
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crush injury , constriction injury , tissue injury , post - surgical injury , constriction injury , tissue injury , post - surgical pain , 
pain , arthritis pain and limb amputation ) . arthritis pain and limb amputation . 

Also provided is a method for the treatment or prevention The compounds of this invention , such as a compound of of a disease or condition mediated by MEK , said method the formula ( I ) , ( I ) , ( K ) , ( A - I ) or any variations thereof , may comprises administering to an individual in need thereof a 5 be administered to mammals , preferably humans , either therapeutically effective amount of a compound detailed alone or in combination with pharmaceutically acceptable herein , such as a compound of the formula ( I ) , ( I ) , ( K ) , ( A - I ) 
or any variations thereof , or a composition comprising a carriers , excipients , diluents , adjuvants , fillers , buffers , sta 
compound detailed herein , such as a compound of the bilizers , preservatives , lubricants , in a pharmaceutical com 
formula ( I ) , ( J ) . ( K ) . ( A - I ) or any variations thereof . In some 10 position , according to standard pharmaceutical practice . 
embodiments , the disease or condition mediated by MEK is Administration in vivo can be effected in one dose , 
cancer , chronic inflammatory disease , a skin disease , diabe continuously or intermittently ( e . g . in divided doses at 
tes , an eye disease , vasculogenesis , angiogenesis or chronic appropriate intervals ) throughout the course of treatment . 
pain . Methods of determining the most effective means and dos 

In some embodiments , the invention provides a method 15 age of administration are well known to those of skill in the 
for the treatment or prevention of cancer , comprising admin art and will vary with the formulation used for therapy , the 
istration to an individual in need thereof of an effective purpose of the therapy , the target cell being treated , and the amount of a compound detailed herein , such as a compound subject being treated . Single or multiple administrations can 
of the formula ( I ) , ( I ) , ( K ) , ( A - I ) or any variations thereof , be carried out with the dose level and pattern being selected or a composition comprising a compound detailed herein , 20 by the treating physician . Where the active compound is a such as a compound of the formula ( I ) , ( J ) , ( K ) , ( A - I ) or any 
variations thereof . In some embodiments , the cancer is a salt , an ester , prodrug , or the like , the amount administered 
cancer detailed below . In some embodiments , the cancer is is calculated on the basis of the parent compound and so the 
colon cancer , colorectal cancer , lung cancer ( e . g . , non - small actual weight to be used is increased proportionately . As a 
cell lung cancer ) , pancreatic cancer . breast cancer , ovarian 25 skilled artisan would understand , the dosage may be deter 
cancer , prostate cancer or skin cancer ( e . g . melanoma ) . mined using known methods , and taking into consideration 

In some embodiments , the invention provides a method the age , body weight and health of the individual in need , the 
for the treatment or prevention of inflammatory diseases , type of condition treated and presence of other drugs avail 
comprising administration to an individual in need thereof of able . In some embodiments , the effective dose is about 0 . 1 
an effective amount of a compound detailed herein , such as 30 to about 1000 mg / kg body weight . In some embodiment , the 
a compound of the formula ( I ) , ( J ) , ( K ) , ( A - I ) or any effective dose is about 1 to about 300 mg / kg body weight . 
variations thereof or a composition comprising a compound For an average adult , a daily dose may be about 10 to 2500 
detailed herein , such as a compound of the formula ( I ) , ( J ) , mg , about 100 mg , about 200 mg , about 300 mg or about 400 
( K ) , ( A - I ) or any variations thereof . In some embodiment , mg . 
the inflammatory disease is the rheumatoid arthritis or 35 The compounds of this invention may be administered to inflammatory bowel disease . an individual by any convenient route of administration , The compounds of the invention are useful for the treat 
ment of inflammatory diseases , including conditions result whether systemically / peripherally or at the site of desired 
ing from organ transplant rejection ; chronic inflammatory action , including but not limited to , oral ( e . g . by ingestion ) , 
diseases of the joints , including arthritis , rheumatoid arthri - 40 lop an topical ( including e . g . transdermal , intranasal , ocular , buc 
tis ; inflammatory bowel diseases such as ileitis , ulcerative cal , and sublingual ) ; pulmonary ( e . g . by inhalation or insuf 
colitis , Barrett ' s syndrome , and Crohn ' s disease , inflamma flation therapy using , e . g . an aerosol , e . g . through mouth or 
tory lung diseases such as asthma , adult respiratory distress nose ) ; rectal ; vaginal ; parenteral , ( e . g . by injection , includ 
syndrome , and chronic obstructive airway disease ; inflam ing subcutaneous , intradermal , intramuscular , intravenous , 
matory diseases of the eye ; chronic inflammatory diseases of 45 11 intraarterial , intracardiac , intrathecal , intraspinal , intracap sular , subcapsular , intraorbital , intraperitoneal , intratracheal , the gum , inflammatory diseases of the kidney ; inflammatory 
diseases of the skin ; inflammatory diseases of the central subcuticular , intraarticular , subarachnoid , and intrasternal ) ; 
nervous system , inflammatory diseases of the heart such as and by implant of a depot ( e . g . subcutaneously or intramus 
cardiomyopathy , ischemic heart disease , and atherosclero cularly ) . The individual may be an animal or a human . 
sis ; as well as various other diseases that can have significant 50 The compounds may be administered in any suitable 
inflammatory components , including preeclampsia , chronic dosage forms such as solution , emulsion , water and oil 
liver failure , brain and spinal cord trauma . suspension , powder , paste , soluble powder , granules , sus 

The present invention also provides a compound , such as pension emulsion thickener , capsule , tablet , portion , 
a compound of the formula ( I ) , ( I ) , ( K ) , ( A - I ) or any draught , pills , suppositories , and other suitable forms . 
variations thereof , for use in the manufacture of a medica - 55 In some embodiments , the method of treating a disease on 
ment for treating or preventing inflammatory diseases . condition mediated by MEK , such as cancer , further com 

In some embodiments , the invention provides a method prises one or more additional active agent used in combi 
for the treatment chronic pain , comprising administration to nation with a compound of the invention . 
an individual in need thereof of an effective amount of a 
compound detailed herein , such as a compound of the 60 
formula ( I ) , ( I ) , ( K ) , ( A - I ) or any variations thereof or a EXAMPLES 
composition comprising a compound detailed herein , such 
as a compound of the formula ( I ) , ( I ) , ( K ) , ( A - I ) or any Compounds detailed herein may be prepared by those of 
variations thereof . In some embodiment , the chronic pain is skill in the art by referral to the General Method . Particular 
phantom limb pain , burn pain , gout , trigeminal neuralgia , 65 examples of the General Method are provided in the 
acute herpetic pain , postherpetic pain , causalgia , diabetic Examples below . The following Examples are provided to 
neuropathy , plexus avulsion , neuroma , vasculitis , crush illustrate but not to limit the invention . 
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Example 1 : Preparation of 4 - fluoro - 5 - ( ( 2 - fluoro - 4 
iodophenyl ) amino ) - N - ( 2 - hydroxyethoxy ) benzo [ d ] HO 20 

oxazole - 6 - carboxamide ( Compound 1 ) 

- continued 
F 

5 HOBT , EDCI 
NH , 

?? OBn 

10 BnBr n - BuLi / i - Pr2NH 
CO2 

E N 
??? 

F 

HO 

HO . 

F LiHMDS 

N 
H N Bn?? Bn0 F 

F 

HO EN 

F 

BnBr Step 1 : 1 - benzyloxy - 2 , 3 , 4 - trifluorobenzene 
30 

Bn01 

Bn0 . 
E 

NaNa 

Sodium carbonate ( 19 . 50 g , 183 . 96 mmol ) was dispersed 
into a solution of 2 , 3 , 4 - trifluorophenol ( 13 . 64 g , 92 . 10 
mmol ) in acetone ( 300 mL ) . To the stirred suspension was 
added benzyl bromide ( 17 . 31 g , 101 . 21 mmol ) dropwisely . 
The mixture was heated under reflux at 50° C . for 24 h . The 
acetone was removed under reduced pressure and the resi 
due was dissolved in water ( 300 mL ) . The solution was 
extracted with ethyl acetate ( 100 mLx2 ) . The combined 
organic extracts were washed with 5 % sodium hydroxide 
( 100 mL ) and brine ( 100 mL ) sequentially and dried over 

40 Na S04 . The solvent was removed in vacuo to yield a pale 
yellow solid ( 19 . 89 g , 90 . 7 % yield ) . ' H NMR ( 400 MHz , 
CDC1z ) : 8 7 . 40 ( m , 5H ) , 6 . 85 ( m , 1H ) 6 . 64 ( m , 1H ) , 5 . 15 ( s , 
2H ) . 

Bno 

F 

BnO Bno . 0 
F 

N 
Pd / C , H2 45 Step 2 : 5 - benzyloxy - 2 , 3 , 4 - trifluorobenzoic acid 45 

Bn0 Bno Y 

HO . HOO 
F 

To a solution of diisopropylamine ( 10 . 14 g , 100 . 20 mmol ) 
in THF ( 100 mL ) was added n - BuLi ( 40 . 08 mL , 2 . 5 M in 
hexane , 100 . 20 mmol ) at - 78° C . under nitrogen atmo 
sphere . The stirring was maintained at this temperature for 

30 1 h . Then a solution of 1 - benzyloxy - 2 , 3 , 4 - trifluorobenzene 
( 19 . 89 g , 83 . 50 mmol ) in THF ( 120 mL ) was added . After 
stirring for 1 h at - 78° C . , the mixture was transferred to a 
bottle with dry ice . The mixture was stirred overnight at 
room temperature . The reaction was quenched with 10 % 

55 aqueous HCl and pH was adjusted to 1 - 2 . The mixture was 
extracted with ethyl acetate ( 100 mLx3 ) . The combined 
organic extracts were washed with water ( 100 mL ) and brine 
( 100 mL ) sequentially , dried over Na SO4 , filtered and 
concentrated under reduced pressure to afford the desired 

60 product ( white solid , 19 . 33 g , 82 % yield ) . ' H NMR ( 400 
MHz , CDC13 ) : 8 7 . 42 ( m , 6H ) , 5 . 14 ( s , 2H ) . 

TSOH 

?? YF 

NH2 
HO HO . 

F 

NIS 

Step 3 : 5 - benzyloxy - 3 , 4 - difluoro - 2 - ( ( 2 - fluorophe 
nyl ) amino ) benzoic acid 

65 

N To a solution of 2 - fluoroaniline ( 15 . 23 g , 137 mmol ) and 
5 - benzyl - oxy - 2 , 3 , 4 - trifluorobenzoic acid ( 19 . 33 g , 68 . 50 



10 

US 9 , 937 , 158 B2 
177 178 

mmol ) in THF ( 120 mL ) at - 78° C . was added LiHMDS trimethyl orthoformate ( 50 mL ) was added p - TsOH ( 0 . 23 g , 
( 205 . 5 mL , 1 M in THF , 205 . 50 mmol ) dropwisely . The 1 . 35 mmol ) . The reaction mixture was stirred for 1 h and 
mixture was allowed to slowly warm to room temperature treated with water ( 200 mL ) . The precipitate was filtered off 
and stirred at this temperature overnight . The reaction was and the filter cake was washed with water to afford the quenched with water ( 100 mL ) and acidified to pH 2 - 3 with 5 desired product ( 7 . 22 g , 82 . 7 % yield for two steps ) . H NMR 10 % HCl ( aq . ) . The aqueous layer was extracted with ethyl ( 400 MHz , CDC12 ) : 8 8 . 28 ( s , 1H ) , 8 . 27 ( s , 1H ) , 8 . 24 ( s , 1H ) , acetate ( 100 mLx3 ) . The combined organic extracts were 
washed with water ( 100 mL ) and brine ( 100 mL ) sequen 7 . 14 ( m , 1H ) , 7 . 05 ( m , 2H ) , 6 . 86 ( m , 1H ) . 
tially , dried over Na S04 , filtered and concentrated in vacuo 
to afford the desired product ( pale yellow solid , 19 . 17 g , Step 8 : 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) 
75 % yield ) . ' H NMR ( 400 MHz , DMSO - do ) : 8 13 . 76 ( s , benzo [ d ] oxazole - 6 - carboxylic acid 
1H ) , 8 . 58 ( s , 1H ) , 7 . 61 ( dd , J = 8 . 8 , 1 . 7 Hz , 1H ) , 7 . 44 ( m , 5H ) , 
7 . 20 ( m , 1H ) , 7 . 05 ( m , 1H ) , 6 . 90 ( m , 2H ) , 5 . 26 ( s , 2H ) . To a solution of 4 - fluoro - 5 - ( ( 2 - fluorophenyl ) amino ) benzo 

[ d ] oxazole - 6 - carboxylic acid ( 7 . 22 g , 24 . 88 mmol ) in DMF 
Step 4 : benzyl 5 - benzyloxy - 3 , 4 - difluoro - 2 - ( ( 2 - fluo ( 50 mL ) was added NIS ( 6 . 08 g , 26 . 37 mmol ) followed by rophenyl ) amino ) benzoate trifluoroacetic acid ( 1 . 0 mL ) . After stirring for 5 h at ambient 
To a solution of 5 - benzyloxy - 3 , 4 - difluoro - 2 - ( ( 2 - fluoro temperature , the reaction was quenched by saturated NH4Cl 

phenyl ) amino ) benzoic acid ( 19 . 17 g , 51 . 35 mmol ) in DMF ( aq . ) . The solution was extracted with ethyl acetate ( 150 
( 150 mL ) was added potassium bicarbonate ( 6 . 16 g , 61 . 62 mLx3 ) . The combined organic extracts were washed with 
mmol ) followed by benzyl bromide ( 6 . 2 mL , 51 . 41 mmol ) . 20 water ( 100 mL ) and brine ( 100 mL ) successively , dried over 
The mixture was stirred for 5 h at room temperature and Na2SO4 and concentrated in vacuo . The crude product was 
water was added . The solution was extracted with ethyl purified by column chromatography on silica gel ( CH , C1 , / 
acetate ( 100 mLx3 ) . The combined organic extracts were MeOH , 50 : 1 , v / v ) and gave the desired product ( brown 
washed with water ( 100 mL ) and brine ( 100 mL ) sequen solid , 6 . 34 g , 61 . 2 % yield ) . ' H NMR ( 400 MHz , DMSO - do ) : 
tially , dried over Na2SO4 , filtered and concentrated in vacuo . 25 88 . 97 ( s . 1H ) , 8 . 58 ( s . 1H ) . 8 . 18 ( s , 1H ) . 7 . 58 ( dd . J = 11 . 0 . 
After purification by column chromatography on silica gel 1 . 7 Hz . 11 ) . 7 . 34 ( d . J = 8 . 5 Hz . 11 ) . 6 . 55 ( m . 11 ) . 
( petroleum ether / ethyl acetate , 50 : 1 , v / v ) , the corresponding 
product was obtained as white solid ( 21 . 42 g , 90 % yield ) . ' H Step 9 : 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) NMR ( 400 MHz , CDC12 ) : 8 8 . 51 ( s , 1H ) , 7 . 51 ( dd , J = 8 . 5 , 2 . 1 
Hz , 1H ) , 7 . 41 ( m , 10H ) , 7 . 09 ( m , 1H ) 7 . 03 ( m 1H ) , 6 . 94 ( m , N - ( 2 - ( vinyloxy ) ethoxy ) benzo [ d ] oxazole - 6 - carbox 
1H ) , 6 . 85 ( m , 1H ) , 5 . 33 ( s , 2H ) , 5 . 15 ( s , 2H ) . amide 

15 

30 

Step 5 : benzyl 4 - azido - 5 - benzyloxy - 3 - fluoro - 2 - ( ( 2 To a solution of 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) 
fluorophenyl ) amino ) benzoate amino ) benzo [ d ] oxazole - 6 - carboxylic acid ( 500 mg , 1 . 2 

mmol ) in CH , C1 , ( 10 mL ) was added HOBt ( 254 mg , 1 . 63 
To a solution of benzyl 5 - benzyloxy - 3 , 4 - difluoro - 2 - ( ( 2 - 35 mmol ) and EDCI ( 314 mg , 1 . 63 mmol ) . The mixture was 

fluoro - phenyl ) amino ) benzoate ( 21 . 42 g , 46 . 22 mmol ) in stirred for 1 h and O - ( 2 - ( vinyloxyethyl ) hydroxylamine 
DMF ( 150 mL ) was added NaN3 ( 3 . 61 g , 55 . 46 mmol ) . The ( 172 mg , 1 . 62 mmol ) was added . After stirring for 4 h at 
mixture was stirred at 90° C . for 3 h . Then water ( 300 mL ) ambient temperature , the reaction was treated with saturated 
was added . The solution was extracted with ethyl acetate NH C1 ( aq . ) . The resultant mixture was extracted with 
( 100 mLx3 ) . The combined organic extracts were washed 40 CH , C1 , ( 30 mLx3 ) . The combined organic extracts were 
with water ( 100 mL ) and brine ( 100 mL ) , dried over Na So . washed with water ( 30 mL ) and brine ( 30 mL ) , dried over 
and concentrated in vacuo . The residue was purified by flash Na2SO4 , filtered and concentrated in vacuo . The crude 
column chromatography on silica gel ( petroleum ether / ethyl product was purified by column chromatography on silica 
acetate , 50 : 1 , v / v ) and gave the desired product ( pale yellow gel ( CH , C1 , / MeOH , 100 : 1 , v / v ) and gave the desired prod 
solid , 14 . 63 g , 65 % yield ) . ' H NMR ( 400 MHz , CDC1 , ) : 8 45 uct ( white solid , 450 mg , 74 . 8 % yield ) . ' H NMR ( 400 MHz , 
8 . 45 ( s , 1H ) , 7 . 49 ( s , 1H ) , 7 . 39 ( m , 10H ) , 7 . 07 ( m , 1H ) , 7 . 04 DMSO - do ) : 8 11 . 82 ( s , 1H ) , 8 . 96 ( s , 1H ) , 8 . 01 ( s , 1H ) , 7 . 88 
( m , 1H ) , 6 . 90 ( m , 1H ) , 6 . 83 ( m , 1H ) , 5 . 31 ( s , 2H ) , 5 . 13 ( s , ( s , 1H ) , 7 . 53 ( d , J = 10 . 8 Hz , 1H ) , 7 . 28 ( d , J = 8 . 1 Hz , 1H ) , 6 . 50 
2J ) . ( dd , J = 13 . 9 , 6 . 6 Hz , 1H ) , 6 . 40 ( d , J = 6 . 0 Hz , 1H ) , 4 . 18 ( d , 

J = 14 . 5 Hz , 1H ) , 3 . 99 ( m , 3H ) , 3 . 83 ( s , 2H ) . 
Step 6 : 4 - amino - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) 

amino ) - 5 - hydroxy benzoic acid Step 10 : 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) 
N - ( 2 - hydroxy ethoxy ) benzo [ d ] oxazole - 6 - carboxam 

To a solution of benzyl 4 - azido - 5 - benzyloxy - 3 - fluoro - 2 ide 
( ( 2 - fluoro - phenyl ) amino ) benzoate ( 14 . 63 g , 30 . 07 mmol ) in 
MeOH ( 200 mL ) was added and 10 % palladium on carbon 55 To a solution of compound 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodo 
( 2 . 55 g ) under nitrogen atmosphere . Then the nitrogen phenyl ) amino ) - N - ( 2 - ( vinyloxy ) ethoxy ) benzo [ d ] oxazole - 6 
atmosphere was completely changed to hydrogen atmo - carboxamide ( 450 mg , 0 . 9 mmol ) in CH , C1 , ( 10 mL ) was 
sphere . The mixture was stirred for 3 h at ambient tempera - added 1 . 0 N HCl ( aq . , 6 . 7 mL , 6 . 72 mmol ) . After stirring for 
ture . After the insoluble matter was filtered off , the solvent 1 h , the reaction mixture was washed with saturated 
was concentrated in vacuo to give the desired product , which 60 NaHCO3 ( aq . ) . The aqueous layer was washed with CH , C1 , 
was used directly in next step without further purification . ( 10 mLx2 ) . The combined organic layer was washed with 

water ( 10 mL ) and brine ( 10 mL ) , dried over Na SOA , 
Step 7 : 4 - fluoro - 5 - ( ( 2 - fluorophenyl ) amino ) benzo [ d ] filtered and concentrated in vacuo . The crude product was 

oxazole - 6 - carboxylic acid purified by column chromatography on silica gel ( CH2Cl2 
65 MeOH , 50 : 1 , v / v ) and gave the desired product ( white solid , 

To a solution of 4 - amino - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) 380 mg , 88 . 9 % yield ) . ' H NMR ( 400 MHz , DMSO - do ) : 8 
amino ) - 5 - hydroxy benzoic acid ( 7 . 58 g , 27 . 05 mmol ) in 11 . 75 ( s , 1H ) , 8 . 96 ( s , 1H ) , 8 . 01 ( s , 1H ) , 7 . 88 ( s , 1H ) , 7 . 53 

50 
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( d , J = 9 . 4 Hz , 1H ) , 7 . 28 ( d , J = 8 . 7 Hz , 1H ) , 6 . 39 ( m , 1H ) , 4 . 70 stirring for 1 h at - 78° C . , the mixture was transferred to a 
( s , 1H ) , 3 . 83 ( s , 2H ) , 3 . 56 ( s , 2H ) , MS APCI ( + ) m / z : 476 . 1 , bottle with dry ice ( 20 . 0 g , 454 . 5 mmol ) . The mixture was 
[ M + H ] . stirred overnight at ambient temperature . The reaction was 

quenched with 10 % aqueous pH 1 ( 300 mL ) . The mixture 
Example 1A : Preparation of 4 - fluoro - 5 - ( ( 2 - fluoro 5 was extracted with ethyl acetate ( 200 mLx3 ) . The combined 
4 - iodophenyl ) amino ) - N - ( 2 - hydroxyethoxy ) benzo [ d ] organic extracts were washed with 5 % sodium hydroxide 

oxazole - 6 - carboxamide ( Compound 1 ) ( 300 mL ) . The aqueous layer was acidized to pH 1 with 
concentrated HCl ( aq . ) and extracted with ethyl acetate ( 200 
mLx3 ) . The combined organic layer was dried over Na S04 , 

10 filtered and concentrated under reduced pressure to afford 
the desired product ( white solid , 19 . 33 g , 82 % yield ) , ' H 
NMR ( 400 MHz , CDC13 ) : 8 14 . 01 ( s , 1H ) , 7 . 42 ( 6H , m ) , 
5 . 16 ( 2H , s ) . 

10 

HO . 

- 

15 Step 3 : 5 - benzyloxy - 3 , 
4 - difluoro - 2 - ( ( 2 - fluorophenyl ) amino ) benzoic acid 

F 

20 

F Step 1 : 1 - benzyloxy - 2 , 3 , 4 - trifluorobenzene 

25 
OBn Bn0 

F 

F 

30 To a solution of 2 - fluoroaniline ( 13 . 21 g , 137 . 1 mmol ) and 
5 - benzyl - oxy - 2 , 3 , 4 - trifluorobenzoic acid ( 19 . 33 g , 68 . 55 
mmol ) in THF ( 120 mL ) at - 78° C . was added LiHMDS 
( 206 . 1 mL , 1 M in THF , 206 . 1 mmol ) dropwisely . The 
mixture was allowed to slowly warm to room temperature 

Sodium carbonate ( 19 . 50 g , 0 . 184 mol ) was dispersed into 35 and stirred at this temperature overnight . The reaction was 
a solution of 2 , 3 , 4 - trifluorophenol ( 13 . 64 g , 0 . 092 mol ) in quenched with HCl ( aq . , 1 N , 250 mL ) and extracted with 
acetone ( 300 mL ) . To the stirred suspension was added the ethyl acetate ( 200 mLx3 ) . The combined organic extracts 
solution of benzyl bromide ( 17 . 31 g , 101 . 21 mmol ) in were washed with water ( 200 mLx3 ) and brine ( 200 mL ) 
acetone ( 100 mL ) dropwisely . The mixture was heated under sequentially , dried over Na , SO4 , filtered and concentrated in 
reflux at 50° C . for 24 h , allowed to cool to room tempera - 40 vacuo to afford the desired product ( pale yellow solid , 19 . 17 
ture , and filtered . The filter cake was washed with acetone g , 75 % yield ) . ' H NMR ( 400 MHz , DMSO - d . ) : 8 13 . 76 ( s , 
( 50 mLx3 ) , and acetone was removed under reduced pres - 1H ) , 8 . 58 ( s , 1H ) , 7 . 61 ( dd , J = 8 . 8 , 1 . 7 Hz , 1H ) , 7 . 52 - 7 . 35 ( m , 
sure . The residue was dissolved in ethyl acetate ( 500 mL ) . 5H ) , 7 . 20 ( m , 1H ) , 7 . 05 ( m , 1H ) , 6 . 98 - 6 . 82 ( m , 2H ) , 5 . 26 ( s , 
The solution was washed with 5 % sodium hydroxide ( 50 2H ) . 
mL ) , water ( 150 mL ) and brine ( 150 mL ) sequentially and 45 
dried over Na , SO . . The solvent was removed in vacuo to Step 4 : benzyl 5 - benzyloxy - 3 , 4 - difluoro - 2 - ( ( 2 - fluo 
yield a pale yellow solid ( 19 . 89 g , 90 % yield ) . ' H NMR ( 400 rophenyl ) amino ) benzoate 
MHz , CDC1z ) : 8 7 . 40 ( m , 5H ) , 6 . 85 ( m , 1H ) , 6 . 64 ( m , 1H ) , 
5 . 15 ( s , 2H ) . 

50 50 
Step 2 : 5 - benzyloxy - 2 , 3 , 4 - trifluorobenzoic acid BnO 0 

LOH 55 
Bn01 F 

Bn0 F 60 To a solution of 5 - benzyloxy - 3 , 4 - difluoro - 2 - ( ( 2 - fluoro 
phenyl ) amino ) benzoic acid ( 19 . 17 g , 51 . 35 mmol ) in DMF 
( 30 mL ) was added potassium bicarbonate ( 6 . 16 g , 61 . 62 
mmol ) followed by benzyl bromide ( 6 . 2 mL , 51 . 41 mmol ) . 

To a solution of 1 - benzyloxy - 2 , 3 , 4 - trifluorobenzene The mixture was stirred for 5 h at room temperature and then 
( 19 . 89 g , 83 . 6 mmol ) in anhydrous THF ( 120 mL ) was 65 water ( 150 mL ) was added . The solution was extracted with 
added lithium diisopropylamide ( 2 . 0 M in THF , 42 . 6 ml , ethyl acetate ( 150 mLx3 ) . The combined organic extracts 
85 . 2 mmol ) at - 78° C . under nitrogen atmosphere . After were washed with water ( 100 mLx3 ) and brine ( 200 mL ) 
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sequentially , dried over Na2SO4 , filtered and concentrated in Step 7 : 4 - fluoro - 5 - ( ( 2 - fluorophenyl ) amino ) benzo [ d ] 
vacuo to afford the corresponding product ( 21 . 42 g , 90 % oxazole - 6 - carboxylic acid 
yield ) . ' H NMR ( 400 MHz , CDC13 ) : 8 8 . 51 ( s , 1H ) , 7 . 51 ( dd , 
J = 8 . 5 , 2 . 1 Hz , 1H ) , 7 . 46 - 7 . 36 ( m , 10H ) , 7 . 12 - 7 . 06 ( m , 1H ) , 
7 . 03 ( m , 1H ) , 6 . 94 ( m , 1H ) , 6 . 85 ( m , 1H ) , 5 . 33 ( s , 2H ) , 5 . 15 5 
( s , 2H ) . HO 

F 

Step 5 : benzyl 4 - azido - 5 - benzyloxy - 3 - fluoro - 2 - ( 2 
fluorophenyl ) amino ) benzoate 10 10 

Bno . BnO2O 
F 15 

IZ 

Bno Bno 
20 DE N3 

To a solution of 4 - amino - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) 
amino ) - 5 - hydroxy benzoic acid ( 7 . 58 g , 27 . 08 mmol ) in 
trimethyl orthoformate ( 50 mL ) was added p - TsOH ( 233 
mg , 1 . 35 mmol ) . The reaction mixture was stirred for 1 h and 
treated with water ( 300 mL ) . The precipitate was filtered off 

To a solution of benzyl 5 - benzyloxy - 3 , 4 - difluoro - 2 - ( ( 2 and the filter cake was washed with water to afford the 
fluoro - phenyl ) amino ) benzoate ( 21 . 42 g , 46 . 26 mmol ) in 25 desired product ( 7 . 22 g , 92 % yield ) . ' H NMR ( 400 MHz , 
DMF ( 35 mL ) was added NaN3 ( 3 . 61 g , 55 . 51 mmol ) . The DMSO - do ) : 8 8 . 28 ( s , 1H ) , 8 . 27 ( s , 1H ) , 8 . 24 ( s , 1H ) , 7 . 14 
mixture was stirred at 90° C . for 3 h . Then water ( 300 mL ) ( m , 1H ) , 7 . 11 ( m , 1H ) , 7 . 04 ( m , 1H ) , 6 . 85 ( m , 1H ) . 
was added . The solution was extracted with ethyl acetate 
( 150 mLx3 ) . The combined organic extracts were washed 30 Step 8 : 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) with water ( 100 mLx3 ) and brine ( 200 mL ) sequentially , benzo [ d ] oxazole - 6 - carboxylic acid 
dried over Na2SO4 and concentrated in vacuo . The residue 
was purified by flash column chromatography on silica gel 
( petroleum ether / ethyl acetate , 10 : 1 , v / v ) and gave the 35 

HOO desired product ( white solid , 14 . 63 g , 65 % yield ) . ’ H NMR 
( 400 MHz , CDC13 ) : 8 8 . 55 ( s , 1H ) , 7 . 53 ( dd , J = 8 . 5 , 2 . 1 Hz , 
LB ) , 7 . 50 - 7 . 33 ( m , 10H ) , 7 . 09 ( m , 1H ) , 7 . 05 ( m , LB ) , 6 . 90 
( m , 1H ) , 6 . 83 ( m , 1H ) , 5 . 35 ( s , 2H ) , 5 . 20 ( s , 2H ) . 40 

HO . 
I 

40 

Step 6 : 4 - amino - 3 - fluoro - 2 - ( ( 2 - fluorophenyl ) 
amino ) - 5 - hydroxy benzoic acid 

45 

HN 50 

HO 

NH2 

To a solution of 4 - fluoro - 5 - ( ( 2 - fluorophenyl ) amino ) benzo 
HO [ djoxazole - 6 - carboxylic acid ( 7 . 22 g , 24 . 90 mmol ) in DMF 

( 50 mL ) was added NIS ( 6 . 08 g , 26 . 37 mmol ) followed by 
trifluoroacetic acid ( 3 mL ) . After stirring for 4 h at ambient 
temperature , the reaction was quenched with saturated 
NH , Cl ( aq . , 100 mL ) . The solution was extracted with ethyl 
acetate ( 150 mLx3 ) . The combined organic extracts were 
washed with water ( 50 mLx3 ) and brine ( 100 mL ) succes To a solution of benzyl 4 - azido - 5 - benzyloxy - 3 - fluoro - 2 

( ( 2 - fluorophenyl ) amino ) benzoate ( 14 . 63 g , 30 . 07 mmol ) in sively , dried over Na2SO4 and concentrated in vacuo . The 
MeOH ( 200 mL ) was added and 10 % palladium on carbon 60 crude product was purified by column chromatography on 
( 2 . 55 g ) under nitrogen atmosphere . Then the nitrogen silica gel ( petroleum ether / ethyl acetate , 3 : 1 , v / v ) and gave atmosphere was completely changed to hydrogen atmo 
sphere . The mixture was stirred for 6 h at ambient tempera the desired product ( brown solid , 6 . 339 g , 69 % yield ) . ' H 
ture . After the insoluble matter was filtered off , the solvent NMR ( 400 MHz , DMSO - do ) : 8 8 . 97 ( s , 1H ) , 8 . 18 ( s , 1H ) , 
was concentrated in vacuo to give the crude product ( 7 . 58 g , 65 en 
90 % yield ) , which was used directly in next step without 8 . 08 ( s , 1H ) , 7 . 58 ( dd , J = 11 . 0 , 1 . 7 Hz , 1H ) , 7 . 34 ( d , J = 8 . 5 
further purification . Hz , 1H ) , 6 . 55 ( m , 1H ) . 
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Step 9 : 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) Example 2 : Preparation of N - ( 2 , 3 - dihydroxy 
N - ( 2 - ( vinyloxy ) ethoxy ) benzo [ d ] oxazole - 6 - carbox propoxy ) - 4 - fluoro - 5 - ( 2 - fluoro - 4 - iodophenyl ) amino ) 

amide benzo [ d ] oxazole - 6 - carboxamide ( Compound 2 ) 

5 

HO 0 
F F 

HOBt 
EDCI 10 

F 

? 15 

TFA 

EN 

HO 

To a solution of 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) 
amino ) benzo [ d ] oxazole - 6 - carboxylic acid ( 500 mg , 1 . 2 
mmol ) in CH2Cl2 was added HOBt ( 254 rag , 1 . 63 mmol ) 
and EDCI ( 314 mg , 1 . 63 mmol ) . The mixture was stirred for 20 
1 h and O - ( 2 - ( vinyloxy ) ethyl ) hydroxylamine ( 172 mg , 1 . 62 
mmol ) was added . After stirring for 4 h at ambient tempera 
ture , the reaction was treated with saturated NH C1 ( aq . , 20 
mL ) . The resultant mixture was extracted with CH C12 ( 30 
mLx3 ) . The combined organic extracts were washed with 
water ( 30 mLx2 ) and brine ( 30 mL ) sequentially , dried over 
Na S04 , filtered and concentrated in vacuo . The crude 
product was purified by column chromatography on silica 
gel ( CH2Cl2 / MeOH , 20 : 1 , v / v ) and gave the desired product 30 
( white solid , 598 mg , 98 % yield ) , ' H NMR ( 400 MHz , 
DMSO - do ) : 8 11 . 82 ( s , 1H ) , 8 . 96 ( s , 1H ) , 8 . 01 ( s , 1H ) , 7 . 88 
( s , 1H ) , 7 . 53 ( d , J = 10 . 8 Hz , 1H ) , 7 . 28 ( d , J = 8 . 1 Hz , 1H ) , 6 . 50 
( dd , J = 13 . 9 , 6 . 6 Hz , 1H ) , 6 . 40 ( d , J = 6 . 0 Hz , 1H ) , 4 . 18 ( d , 
J = 14 . 5 Hz , 1H ) , 3 . 99 ( m , 3H ) , 3 . 83 ( s , 2H ) . 

N ?? 

F 

35 Step 1 : N - ( 2 , 2 - dimethyl - 1 , 3 - dioxolan - 4 - yl ) 
methoxy ) - 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) 

amino ) benzo [ d ] oxazole - 6 - carboxamide Step 10 : 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) 
N - ( 2 - hydroxyethoxy ) benzo [ d ] oxazole - 6 - carboxam 

ide 

HO . 
F 

To a solution of 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) 
uo amino ) benzo [ d ] oxazole - 6 - carboxylic acid ( 500 mg , 1 . 20 

mmol ) in CH C12 ( 10 mL ) was added HOBt ( 254 mg , 1 . 63 
mmol ) followed by EDCI ( 314 mg , 1 . 63 mmol ) . The mix 
ture was stirred for 1 h and O - ( ( 2 , 2 - dimethyl - 1 , 3 - dioxolan 
4 - yl ) methyl ) hydroxylamine ( 238 mg , 1 . 62 mmol ) was 

45 added . After stirring for 4 h at ambient temperature , the 
reaction was treated with saturated NH4Cl ( aq . ) . The resul 
tant mixture was extracted with CH , C1 , ( 30 mLx3 ) . The 
combined organic extracts was washed by water ( 30 mL ) 
and brine ( 30 mL ) sequentially , dried over Na2SO4 , filtered 

50 and concentrated in vacuo . The crude product ( 488 mg ) was 
used directly in the next step without further purification . 

To a solution of compound 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodo Step 2 : N - ( 2 , 3 - dihydroxypropoxy ) - 4 - fluoro - 5 - ( ( 2 
phenyl ) amino ) - N - ( 2 - ( vinyloxy ) ethoxy ) benzo [ d ] oxazole - 6 fluoro - 4 - iodophenyl ) amino ) benzo [ d ] oxazole - 6 - car 
carboxamide ( 598 mg , 1 . 17 mmol ) in CH C12 ( 5 mL ) was 55 boxamide 
added 1 . 0 N HCl ( aq . , 6 . 7 mL , 6 . 72 mmol ) dropwise . After 
stirring for 1 h , the reaction mixture was treated with To a solution of N - ( ( 2 , 2 - dimethyl - 1 , 3 - dioxolan - 4 - yl ) 
saturated NaHCO3 ( aq . ) . The organic layer was washed with methoxy ) - 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) benzo 
water ( 30 mLx2 ) and brine ( 30 mL ) , dried over Na S04 , [ d ] oxazole - 6 - carboxamide ( 488 mg , 0 . 89 mmol ) in CH , C1 , 
filtered and concentrated in vacuo . The crude product was 60 ( 10 mL ) was added trifluoroacetic acid ( 0 . 2 mL , 2 . 69 mmol ) . 
purified by column chromatography on silica gel ( CH , C1 , The mixture was stirred for 1 h and washed with saturated 
MeOH , 15 : 1 , v / v ) and gave the desired product ( white solid , sodium bicarbonate ( aq . ) . The aqueous layer was extracted 
290 mg , 52 % yield ) . IH NMR ( 400 MHz , DMSO - d . ) : 8 by CH , C1 , ( 10 mLx2 ) . The combined organic layers were 
11 . 75 ( s , 1H ) , 8 . 96 ( s , 1H ) , 8 . 01 ( s , 1H ) , 7 . 88 ( s , 1H ) , 7 . 53 washed by water ( 10 mL ) and brine ( 10 mL ) sequentially , 
( d , J = 9 . 4 Hz , 1H ) , 7 . 28 ( d , J = 8 . 7 Hz , 1H ) , 6 . 39 ( m , 1H ) , 4 . 70 65 dried over Na2SO4 , filtered and concentrated in vacuo . The 
( s , 1H ) , 3 . 83 ( m , 2H ) , 3 . 56 ( m , 2H ) . MS ( ES + ) : m / z 476 . 34 crude product was purified by column chromatography on 
[ MH + ) . silica gel ( CH C12 / MeOH , 50 : 1 , v / v ) to afford the desired 
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product ( white solid , 310 mg , 48 % yield for two steps ) . ' H 
NMR ( 400 MHz , DMSO - do ) : 8 11 . 80 ( s , 1H ) , 8 . 96 ( s , 1H ) , HO HO 20 

8 . 03 ( s , 1H ) , 7 . 87 ( s , 1H ) , 7 . 53 ( d , 1H ) , 7 . 28 ( d , 1H ) , 6 . 40 
( m , 1H ) , 4 . 84 ( d , 1H ) , 4 . 60 ( m , 1H ) , 3 . 87 ( m , 1H ) , 3 . 72 ( m , 
2H ) , 3 . 36 ( m , 2H ) . MS APCI ( + ) m / z : 527 . 8 , [ M + Na ] . 

HOBT , EDCI 
NH2 

· Br 
EN Example 3 : Preparation of 5 - ( ( 4 - bromo - 2 - chloro 

phenyl ) amino ) - 4 - fluoro - A - ( 2 - hydroxyethoxy ) benzo 
[ d ] oxazole - 6 - carboxamide ( Compound 3 ) 10 

HCl 
HO 

Br 

LiHMDS 
CI 

HO . 

Bno Bn0 Y F Hz C1 

F 

Br 

BnBr 

Bn0 30 Step 1 : 5 - ( benzyloxy ) - 2 - ( ( 2 - chlorophenyl ) amino ) - 3 , 
4 - difluorobenzoic acid 

BnO ZO 

NaN3 

Bn0 

To a solution of 2 - chloroaniline ( 13 . 91 ml , 137 . 00 mmol ) 
and 5 - benzyloxy - 2 , 3 , 4 - trifluorobenzoic acid ( 19 . 33 g , 68 . 50 

35 mmol ) in THF ( 120 mL ) at - 78° C . was added LiHMDS 
( 205 . 5 mL , 1 M in THF , 205 . 5 mmol ) dropwisely under 
nitrogen atmosphere . The mixture was slowly warmed to 
room temperature and stirred at this temperature overnight . 
The reaction was quenched with water ( 100 mL ) and acidi 

40 fied to pH 2 - 3 with 10 % HC1 ( aq . ) . The mixture was 
extracted with ethyl acetate ( 100 mLx3 ) . The combined 
organic extracts were washed with water ( 100 mL ) and brine 
( 100 mL ) sequentially , dried over Na2SO4 , filtered and 
concentrated in vacuo to afford the desired product ( pale 

45 yellow solid , 23 . 80 g , 89 . 1 % yield ) . ' H NMR ( 400 MHz , 
DMSO - do ) : 8 13 . 80 ( s , 1H ) , 8 . 66 ( s , 1H ) , 7 . 64 ( m , 1H ) , 7 . 34 
( m , 7H ) , 6 . 92 ( m , 1H ) , 6 . 78 ( m , 1H ) , 5 . 26 ( s , 2H ) . 

F 
BnO 0 

Pd / C , H2 

Bn0 Bn01 V 

50 50 HO . 
Step 2 : benzyl 5 - ( benzyloxy ) - 2 - ( ( 2 - chlorophenyl ) 

amino ) - 3 , 4 - difluorobenzoate 

TSOH 

HO 

NH2 
HOO 

To a solution of 5 - ( benzyloxy ) - 2 - ( ( 2 - chlorophenyl ) 
amino ) - 3 , 4 - difluorobenzoic acid ( 23 . 80 g , 61 . 06 mmol ) in 

55 DMF ( 200 mL ) was added potassium bicarbonate ( 9 . 16 g , 
91 . 6 mmol ) followed by benzyl bromide ( 8 . 0 mL , 67 . 37 
mmol ) . The mixture was stirred for 5 h at room temperature 
and water ( 300 mL ) was added . The solution was extracted 
with ethyl acetate ( 100 mLx3 ) . The combined organic 

60 extracts were washed with water ( 200 mLx3 ) and brine ( 200 
mL ) sequentially , dried over Na2SO4 , filtered and concen 
trated in vacuo . After purification by column chromatogra 
phy on silica gel ( petroleum ether / ethyl acetate , 50 : 1 , v / v ) , 
the corresponding product was obtained as white solid 

65 ( 27 . 82 g , 95 % yield ) . ' H NMR ( 400 MHz , CDC12 ) : 8 8 . 56 
( s , 1H ) , 7 . 52 ( dd , J = 8 . 5 , 2 . 1 Hz , 1H ) , 7 . 40 ( m , 11H ) , 7 . 15 ( m , 
1H ) , 6 . 88 ( m , 1H ) , 6 . 74 ( m , 1H ) , 5 . 34 ( s , 2H ) , 5 . 16 ( s , 2H ) . 

NBS 

F 

N 
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Step 3 : benzyl 4 - azido - 5 - ( benzyloxy ) - 2 - ( ( 2 - chloro mmol ) and EDCI ( 314 mg , 1 . 63 mmol ) . The mixture was 

phenyl ) amino ) - 3 - fluorobenzoate stirred for 1 h and O - ( 2 - ( vinyloxy ) ethyl ) hydroxylamine 
( 172 mg , 1 . 62 mmol ) was added . After stirring for 4 h at 

To a solution of benzyl 5 - ( benzyloxy ) - 2 - ( ( 2 - chlorophe - ambient temperature , the reaction was treated with saturated 
nyl ) amino ) - 3 , 4 - difluorobenzoate ( 27 . 82 g , 57 . 97 mmol ) in 5 NH _ C1 ( aq . ) . The resultant mixture was extracted with 
DMF ( 250 mL ) was added NaN3 ( 4 . 52 g , 69 . 56 mmol ) . The CH _ C12 ( 30 mLx3 ) . The combined organic extracts were 
mixture was stirred at 90° C . for 3 h . Then water ( 400 mL ) washed with water ( 30 mL ) and brine ( 30 mL ) , dried over 
was added . The solution was extracted with ethyl acetate Na S04 , filtered and concentrated in vacuo . The crude 
( 150 mLx3 ) . The combined organic extracts were washed product ( 445 mg ) was used directly in the next step without 
with water ( 150 mL ) and brine ( 150 mL ) , dried over 10 further purification . 
Na SO4 , filtered and concentrated in vacuo . The residue was 
purified by flash column chromatography on silica gel 
( petroleum ether / ethyl acetate , 50 : 1 , v / v ) and gave the Step 8 : 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - 4 
desired product ( pale yellow solid , 22 . 97 g , 78 . 8 % yield ) . ' H . fluoro - N - ( 2 - hydroxyethoxy ) benzo [ d ] oxazole - 6 - car 
NMR ( 400 MHz , CDC1 , ) : S 8 . 41 ( s , 1H ) , 7 . 40 ( m , 12H ) , 15 boxamide 
7 . 13 ( m , 1H ) , 6 . 87 ( m , 1H ) , 6 . 69 ( m , 1H ) , 5 . 34 ( s , 2H ) , 5 . 17 
( s , 2H ) . To a solution of 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - 4 

fluoro - N - ( 2 - ( vinyloxy ) ethoxy ) benzo [ d ] oxazole - 6 - carbox Step 4 : 4 - amino - 2 - ( ( 2 - chlorophenyl ) amino ) - 3 amide ( 445 mg , 0 . 95 mmol ) in CH2Cl2 ( 10 mL ) was added fluoro - 5 - hydroxy benzoic acid 20 am 1 . 0 N HCl solution ( 6 . 7 mL , 6 . 72 mmol ) . After stirring for 
1 h , the reaction mixture was washed with saturated To a solution of compound benzyl 4 - azido - 5 - ( benzyloxy ) NaHCO , ( aq . ) . The aqueous layer was extracted with 2 - ( ( 2 - chlorophenyl ) amino ) - 3 - fluorobenzoate ( 22 . 97 g , CH , C1 , ( 10 mLx2 ) . The combined organic layer was 45 . 67 mmol ) in MeOH ( 500 mL ) was added and 10 % 

palladium on carbon ( 3 . 80 g ) under nitrogen atmosphere . ? 25 washed with water ( 10 mL ) and brine ( 10 mL ) successively , 
Then the nitrogen atmosphere was completely changed to dried over Na2SO4 , filtered and concentrated in vacuo . The 
hydrogen atmosphere . The mixture was stirred for 3 h at crude product was purified by column chromatography on 
ambient temperature . After the insoluble matter was filtered silica gel ( CH C12 / MeOH , 50 : 1 , v / v ) and gave the desired 
off , the solvent was evaporated under reduced pressure to product ( white solid , 347 mg , 65 % yield for two steps ) . ' H 
give the desired product , which was used directly in the next 30 30 NMR ( 400 MHz , MeOD ) : 8 8 . 65 ( s , 1H ) , 7 . 8 ( s , 1H ) , 7 . 54 
step without further purification . ( d , J = 2 . 0 Hz , 1H ) , 7 . 24 ( m , 1H ) , 6 . 50 ( m , 1H ) , 3 . 95 ( s , 2H ) , 

3 . 70 ( s , 2H ) . MS APCI ( + ) m / z : 445 . 9 [ M + H ] , 467 . 8 , 
Step 5 : 5 - ( ( 2 - chlorophenyl ) amino ) - 4 - fluorobenzo [ d ] [ M + Na ] . 

oxazole - 6 - carboxylic acid 
35 Example 4 : Preparation of 5 - ( ( 4 - bromo - 2 - chloro 

To a solution of 4 - amino - 2 - ( ( 2 - chlorophenyl ) amino ) - 3 phenyl ) amino ) - N - ( 2 , 3 - dihydroxypropoxy ) - 4 - fluo 
fluoro - 5 - hydroxybenzoic acid in trimethyl orthoformate robenzo [ d ] oxazole - 6 - carboxamide ( Compound 4 ) 
( 100 mL ) was added p - TsOH ( 0 . 42 g , 1 . 35 mmol ) . The 
reaction mixture was stirred for 1 h and treated with water 
( 300 mL ) . The precipitate was filtered off and the filter cake 40 
was washed with water to afford a yellow solid ( 12 . 31 g , HO 
87 . 9 % yield for two steps ) . ' H NMR ( 400 MHz , DMSO - do ) : 
d 13 . 9 ( s , 1H ) , 9 . 05 ( s , 1H ) , 8 . 8 ( s , 1H ) , 8 . 23 ( s , 1H ) , 7 . 43 
( m , 1H ) , 7 . 15 ( m , 1H ) , 6 . 98 ( m , 1H ) , 6 . 74 ( m , 1H ) . 

35 

Z HOBt 
EDCI 

45 45 

Step 6 : 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - 4 - fluo 
robenzo [ d ] oxazole - 6 - carboxylic acid 

IZ 
TFA 

To a solution of 5 - ( 2 - chlorophenyl ) amino ) - 4 - fluo 
robenzo [ d ] oxazole - 6 - carboxylic acid ( 12 . 31 g , 40 . 14 mmol ) 500 
in DMF ( 100 mL ) was added NBS ( 7 . 86 g , 44 . 15 mmol ) . 
After stirring for 4 h at ambient temperature , the reaction 
was quenched by water and the precipitate was filtered . The 
crude product was purified by column chromatography on 
silica gel ( CH2C1 _ / MeOH , 50 : 1 , v / v ) and gave the desired 55 
product ( pale brown solid , 10 . 82 g , 69 . 9 % yield ) . ' H NMR 
( 400 MHz , DMSO - da ) : d 11 . 08 ( s , 1H ) , 9 . 42 ( s , 1H ) , 8 . 96 ( s , 
1H ) , 8 . 27 ( s , 1H ) , 7 . 82 ( d , J = 12 . 0 Hz , 1H ) , 7 . 37 ( m , 1H ) , 
6 . 65 ( m , 1H ) . 

Br 28 . N 

HO 

60 OH Step 7 : 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - 4 
fluoro - N - ( 2 - ( vinyl - oxy ) ethoxy ) benzo [ d ] oxazole - 6 

carboxamide Br 

N To a solution of 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - 4 - 65 
fluorobenzo [ d ] oxazole - 6 - carboxylic acid ( 463 mg , 1 . 20 
mmol ) in CH C12 ( 10 mL ) was added HOBt ( 254 mg , 1 . 63 
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- continued Step 1 : 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - N - ( ( 2 , 
2 - dimethyl - 1 , 3 - dioxolan - 4 - yl ) methoxy ) - 4 - fluo 

robenzo [ d ] oxazole - 6 - carboxamide 
OSP = O F 5 To a solution of 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - 4 

fluorobenzo [ d ] oxazole - 6 - carboxylic acid ( 463 mg , 1 . 20 
mmol ) in CH , C1 , ( 10 mL ) was added HOBI ( 254 mg , 1 . 63 
mmol ) followed by EDCI ( 314 mg , 1 . 63 mmol ) . The mix 
ture was stirred for 1 h and O - ( ( 2 , 2 - dimethyl - 1 , 3 - di - oxolan - 10 
4 - yl ) methyl ) hydroxylamine ( 238 mg , 1 . 62 mmol ) was 
added . After stirring for 4 h at ambient temperature , the 
reaction was treated with saturated NH C1 ( aq . ) . The resul 
tant mixture was extracted with CH C12 ( 30 mLx3 ) . The 
combined organic extracts was washed by water ( 30 mL ) 15 
and brine ( 30 mL ) sequentially , dried over Na S04 , filtered 
and concentrated in vacuo . The crude product ( 473 mg ) was 
used directly in the next step without further purification . 

N 

= o 

o = 

N 

20 
Step 2 : 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - N - ( 2 , 3 
dihydroxypropoxy ) - 4 - fluorobenzo [ d ] oxazole - 6 - car 

boxamide 
KN 

To a solution of 5 - ( ( 4 - bromo - 2 - chlorophenyl ) amino ) - N - 25 Step 1 : 4 - fluoro - 5 - ( 2 - fluoro - 4 - iodophenyl ) - 5H - imi 
( ( 2 , 2 - dimethyl - 1 , 3 - dioxolan - 4 - yl ) methoxy ) - 4 - fluorobenzo dazo [ 4 ' , 5 : 4 , 5 ] benzo [ 1 , 2 - d ] oxazol - 6 ( 7H ) - one 
[ d ] oxazole - 6 - carboxamide ( 473 mg , 0 . 92 mmol ) in CH2Cl2 
( 10 mL ) was added trifluoroacetic acid ( 0 . 2 mL , 2 . 69 mmol ) . To a solution of 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) 
The mixture was stirred for 1 h and washed with saturated amino ) benzo [ d ] oxazole - 6 - carboxylic acid ( 70 mg , 0 . 17 
sodium bicarbonate ( aq . ) . The aqueous layer was extracted 30 mmol ) in T - BuOH ( 3 mL ) was added DPPA ( 82 mg , 0 . 29 
by CH C12 ( 10 mLx2 ) . The combined organic layers were mmol ) followed by triethylamine ( 36 mg , 0 . 36 mmol ) . The 

washed by water ( 10 mL ) and brine ( 10 mL ) sequentially , mixture was heated under reflux for 3 h and allowed to 
dried over Na2SO4 , filtered and concentrated in vacuo . The slowly warm to room temperature . The solvent was removed 

in vacuo and the resultant crude product was purified by crude product was purified by column chromatography on 
silica gel ( CH , C1 , / MeOH , 50 : 1 , v / v ) to afford the desired 35 column chromatography on silica gel ( petroleum ether / ethyl 

acetate , 2 : 1 , v / v ) . The corresponding product was obtained product ( white solid , 255 mg , 44 . 7 % yield for two steps ) . ' H . ( white solid , 62 mg , 89 . 2 % yield ) . ' H NMR ( 400 MHz , NMR ( 400 MHz , DMSO - do ) : 8 11 . 78 ( s , 1H ) , 8 . 95 ( s , 1H ) , DMSO - do ) : 8 11 . 75 ( s , 1H ) , 8 . 67 ( s , 1H ) , 7 . 96 ( d , 1H ) , 7 . 76 8 . 05 ( s , 1H ) , 7 . 89 ( s , 1H ) , 7 . 54 ( d , 1H ) , 7 . 30 ( d , 1H ) , 6 . 42 ( d , 1H ) , 7 . 50 ( m , 1H ) , 7 . 39 ( s , 1H ) . ( m , 1H ) , 4 . 83 ( d , 1H ) , 4 . 62 ( m , 1H ) , 3 . 86 ( m , 1H ) , 3 . 70 ( m , 40 
2H ) , 3 . 35 ( m , 2H ) . MS APCI ( + ) m / z : 475 . 7 , ( M + H ) . Step 2 : 7 - ( cyclopropylsulfonyl ) - 4 - fluoro - 5 - ( 2 

fluoro - 4 - iodophenyl ) - 5H - imidazo [ 4 ' , 51 : 4 , 5 ] benzo [ 1 , 
Example 5 : Preparation of N - ( 4 - fluoro - 5 - ( ( 2 - fluoro 2 - d ] oxazol - 6 ( 7H ) - one 
4 - iodophenyl ) amino ) benzo [ d ] oxazol - 6 - yl ) cyclopro 

panesulfonamide ( Compound 5 ) 45 To a solution of 4 - fluoro - 5 - ( 2 - fluoro - 4 - iodophenyl ) - 5H 
imidazo [ 4 ' , 51 : 4 , 5 ] benzo [ 1 , 2 - d ] oxazol - 6 ( 7H ) - one ( 30 mg , 
0 . 07 mmol ) in CH C12 ( 3 mL ) was added triethylamine ( 22 
mg , 0 . 22 mmol ) at 0° C . followed by cyclopropanesulfonyl 
chloride ( 16 mg , 0 . 11 mmol ) and DMAP ( 5 mg ) . The 

HO 50 mixture was stirred at room temperature for 1 h and washed 
with saturated NaHCO , ( aq . ) . The aqueous layer was 
extracted with CH C12 ( 10 mLx2 ) . The combined organic 
phase was washed with water ( 10 mL ) and brine ( 10 mL ) 
successively , dried over Na SO2 , filtered and concentrated 

55 in vacuo . The residue was purified by flash chromatography 
on silica gel ( petroleum ether / ethyl acetate , 5 : 1 , v / v ) to give 
the corresponding product ( 40 mg , 100 % yield ) . ' H NMR 
( 400 MHz , CDC1z ) : 8 8 . 09 ( s , 1H ) , 7 . 99 ( s , 1H ) , 7 . 39 - 7 . 11 
( d , 2H ) , 7 . 05 , ( m , 1H ) , 3 . 40 ( m , 1H ) , 1 . 71 ( m , 2H ) , 0 . 91 - 0 . 85 

60 ( m , 2H ) . 

TA 

F 

F 
HN 

Step 3 : N - ( 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) 
amino ) benzo [ d ] oxazol - 6 - yl ) cyclopropanesulfona 

mide 
65 

To a solution of 7 - ( cyclopropylsulfonyl ) - 4 - fluoro - 5 - ( 2 
fluoro - 4 - iodo phenyl ) - 5H - imidazo [ 4 ' , 5 " : 4 , 5 ] benzo [ 1 , 2 - d ] ox 
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azol - 6 ( 7H ) - one ( 30 mg , 0 . 06 mmol ) in THF ( 3 mL ) was - continued 
HO added potassium trimethylsilanolate ( 12 mg , 0 . 09 mmol ) . OH 

After stirring at room temperature for 1 h , the reaction was 
quenched with saturated NH4Cl ( aq . ) . The aqueous layers 
was extracted with ethyl acetate ( 5 mLx2 ) . The combined 
organic phase was washed with brine ( 10 mL ) , dried over 
Na2SO4 , filtered and concentrated in vacuo . The residual 10 
crude product was purified by flash chromatography on 
silica gel ( petroleum ether / ethyl acetate , 5 : 1 - 3 : 1 , v / v ) to give 
the corresponding product as a white solid ( 10 mg , 35 . 1 % 
yield ) . ' H NMR ( 400 MHz , CDC13 ) : 8 8 . 15 ( s 1H ) , 7 . 88 ( s , 
1H ) 7 . 46 ( dd , 1H ) , 7 . 33 ( s , 1H ) , 7 . 23 ( dd , 1H ) , 6 . 15 ( m , 1H ) , 
5 . 49 ( s , 1H ) , 2 . 55 ( m , 1H ) , 1 . 01 ( m , 2H ) , 0 . 92 ( m , 2H ) . MS Step 1 : 7 - ( ( 1 - allylcyclopropyl ) sulfonyl ) - 4 - fluoro - 5 

( 2 - fluoro - 4 - iodophenyl ) - 5H - imidazo [ 4 ' , 5 ' : 4 , 5 ] benzo 
APCI ( + ) m / z : 492 . 5 , [ M + H ] . [ 1 , 2 - d ] oxazol - 6 ( 7H ) - one 

T ] 

20 

Example 6 : Preparation of 1 - ( 2 , 3 - dihydroxypropyl ) 
N - ( 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophenyl ) amino ) benzo 
[ d ] oxazol - 6 - yl ) cyclopropane - 1 - sulfonamide ( Com 

pound 6 ) 

To a solution of 4 - fluoro - 5 - ( 2 - fluoro - 4 - iodophenyl ) - 5H 
imidazo [ 4 ' , 5t : 4 , 5 ] benzo [ 1 , 2 - d ] oxazol - 6 ( 7H ) - one ( 100 mg , 
0 . 24 mmol ) in DCM ( 5 mL ) was added triethylamine ( 74 

25 mg , 0 . 73 mmol ) at 0° C . followed by 1 - allylcyclopropane 
1 - sulfonyl chloride ( 66 mg , 0 . 36 mmol ) and DMAP ( 15 mg ) . 
After stirring at room temperature for 1 h , the mixture was 
washed with saturated NaHCO , ( aq . ) . The aqueous layer 
was extracted with DCM ( 20 mLx2 ) . The combined organic 
phase was washed by water ( 20 mL ) and brine ( 20 mL ) 
sequentially , dried over Na , SO2 , filtered and concentrated to 
give a residue , which was purified by flash chromatography 
on silica gel ( petroleum ether / ethyl acetate , 5 : 1 , v / v ) to give 
the corresponding product ( 120 mg , 89 . 0 % yield ) . ' H NMR 

35 ( 400 MHz , CDC13 ) : 8 8 . 09 ( s , 1H ) , 7 . 99 ( s , 1H ) , 7 . 70 - 7 . 68 
( d , 2H ) , 7 . 27 ( m , 1H ) , 5 . 75 - 5 . 58 ( m , 1H ) , 5 . 05 ( m , 2H ) , 
2 . 90 - 2 . 80 ( m , 1H ) , 2 . 10 - 2 . 0 ( m , 1H ) , 1 . 95 - 1 . 86 ( m , 2H ) , 
1 . 25 - 1 . 10 ( m , 2H ) . 

HN 

40 40 Step 2 : 1 - allyl - N - ( 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodophe 
nyl ) amino ) benzo [ d ] oxazol - 6 - yl ) cyclopropane - 1 

sulfonamide 
j = 0 

O = 

To a solution of 7 - ( ( 1 - allylcyclopropyl ) sulfonyl ) - 4 
45 fluoro - 5 - ( 2 - fluoro - 4 - iodophenyl ) - 5H - imidazo [ 4 ' , 5 ' : 4 , 5 ] 

benzo [ 1 , 2 - d ] oxazol - 6 ( 7H ) - one ( 120 mg , 0 . 2 . 3 mmol ) in 
THF ( 10 mL ) was added potassium trimethylsilanolate ( 48 
mg , 0 . 35 mmol ) . The reaction was stirred at room tempera 
ture for 1 h and quenched with saturated NH C1 ( aq . ) . The 

50 aqueous layer was extracted with EA ( 10 mLx2 ) . The 
combined organic phase was washed with brine ( 10 mL ) , 
dried over Na S04 , filtered and concentrated in vacuo . The 
residue was purified by flash chromatography on silica gel 
( petroleum ether / ethyl acetate , 5 : 1 - 3 : 1 , v / v ) to give the 

55 desired product ( 100 mg , 87 . 0 % yield ) . ' H NMR ( 400 MHz , 
CDC13 ) : 88 . 09 ( s , 1H ) , 7 . 99 ( s , 1H ) , 7 . 42 ( m , 1H ) , 7 . 31 - 7 . 25 
( m , 1H ) , 6 . 80 ( s , 1H ) , 6 . 43 - 6 . 35 ( m , 1H ) , 6 . 21 ( s , 1H ) , 
5 . 85 - 5 . 70 ( m , 1H ) , 5 . 22 - 5 . 14 ( m , 2H ) , 2 . 83 ( d , 2H ) , 1 . 28 
1 . 20 ( m , 2H ) , 0 . 87 - 0 . 80 ( m , 2H ) . O = r = 0 

NH F 60 

Step 3 : 1 - ( 2 , 3 - dihydroxypropyl ) - N - ( 4 - fluoro - 5 - ( 2 
fluoro - 4 - iodophen - yl ) amino ) benzo [ d ] oxazol - 6 - yl ) 

cyclopropane - 1 - sulfonamide 
65 

N 
To a solution of 1 - allyl - N - ( 4 - fluoro - 5 - ( ( 2 - fluoro - 4 - iodo 

phenyl ) amino ) benzo [ d ] oxazol - 6 - yl ) cyclopropane - 1 - sulfo 
namide ( 100 mg , 0 . 38 mmol ) in THF ( 10 mL ) was added 










































































